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The  present  report  covers  the  exp rrlmenteJ  vv'a-k  oo. -■  .ix.;? 

the  third  quarter  of  a  planned  six-quarter  program  directed  toward  the 
development  of  high  temperature,  nuclear  radiation  resistant,  integrated 
thermionic  circuitry  of  high  efficiency  and  long  life. 

TIMM  tube  research  and  development  efforts  were  continued  in  the 
areas  of  electrical  and  mscl-anioal  design,  materials  and  assembly  pro¬ 
cessing,  component  evaluation  and  moduivS  fabrication. 

Investigation  programs  for  the  Improvement  of  grid  tensioning  methods, 
development  of  grid  transparency  measuring  devices ,  and  a  better  under¬ 
standing  of  the  problem  of  low  contact  potential  to  the  grid  electrode 
were  continued  and  results  are  reported. 

Low  capacitance  diodes  have  been  designed  and  fabricated  with  experi¬ 
mental  values  of  capacitance  being  58  per  cent  of  conventional  TIMM  diode 
capacitance.  Programs  of  investigation  have  been  initiated  to  design  and 
fabricate  a  zero  contact  potential  diode  and  a  triple  section  series  diode 
to  satisfy  contract  circuitry  requirements . 

Shock  test  and  life  test  data  for  TIMM  diodes  and  triodes  are  presented. 

Investigation  of  tungsten,  platin-jim,  rhodium  and  carbon  resistive  films 
for  TIMM  resistor  application  is  continuing.  Irou-id  sinrface  substrates 
have  been  evaluated  fer  possible  advantages  to  be  realized  from  depositing 
thin  films  on  relatively  smooth  surfaces.  Low  capacitance  units  and  units 
in  the  order  of  4T0K  ohms  have  been  fabricated  for  contract  circuitry.  Life 
data  ar  presented  for  carbon  and  metal  film  resistors. 

n'hio  of*  i  ^  on 1  y*o1  pi-.-tner  crVi  -f-.n-ro  VlllV 
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postulated  that  titanium  is  being  injected  into  the  ceri-mic  dur..ng  th.? 
sealing  cycle  and  the  boundary  area  at  the  ceramic  metal  interfere  'aii  then 
act  as  a  titanium  concentration  cell.  Estimated  activation  energies  match 
the  requirements  for  the  Ti-Ti02  cell  theory. 

The  design  of  a  stacked  capacitor  utilizing  deposited  film  electrodes 
is  complete.  The  unit  will  be  used  primarily  for  evaluation  of  new  film 
type  electrodo  materials.  Variable  capacitors  have  been  fabricated,  util¬ 
izing  a  new  mechanical  design,  with  vali:es  ranging  from  3*5  to  17*0  pico¬ 
farads  . 

Inductor  test  units  have  been  designed  for  Investigating  conductor 
winding  wire  and  winding  wire  insulatioiis .  Fabricated  units  have  been 
evaluated  at  room  temperature  and  over  a  range  of  temperatures  from  25  C 
to  580  C.  Q  and  Inductance  data  are  presented  for  units  before  and  after 
encapstilation . 

The  investigation  of  a  chromi\an  plus  nickel  electroplate  to  prevent 
contamination  and  embrittlement  of  titani’jm  at  58O  C  was  continued  this 
period  and  results  are  reported.  Bs’aziag  materials  and  methods  for  module 
construction,  welding  and  brazing  techniques  for  m-odule  electrical  inter¬ 
connections,  titanium-clad  refractory  metals  for  grid  application  and  the 
use  of  oxidation-resisr.ant  electrode  materials  are  discussed. 

TIMM  circuit  development  prograais  were  directed  toward  the  Investigation 
of  half  adder,  pulse  shaper,  r-f  amplifier  oscillator,  shift  register  and 
four-input  Nor  circuitry.  In  addition  to  performance  data  for  all  circuitry 
listed  above,  stacking  aiid  wiring  diagrams  az'.d  component  Ivg  conf igiuratlons 
for  the  half-adder,  shift  register  and  fcvjr-input  Nor  circuits  are  presented. 
A  disc’-osior.  of  the  v'cid  ^zecerator  display  unit  prepared  for  the  contract 
review  meeting  is  include-d. 
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TUBE  DEVELOPMENT 


The  efforts  of  the  Tube  Development  Group  for  this  quarter  were 


again  concentrated 

in  the  following  general 

1. 

Electrical  Design 

2. 

Mechanical  Design 

3. 

Tube  Pracessing 

k. 

Testing  Methods 

5. 

Test  Results 

6. 

Module  Fabrication 

Electrical  Design  • 

-  Triode 

la  an  effort  to  achieve  the  maximum  transconductance  possible  in  a 
0.325"  diameter  TIMM  triode,  a  fine  mesh  grid  vhich  represents  the  smallest 
wire  size  and  the  greatest  number  of  lines  per  inch  which  can  be  success¬ 
fully  photoetched  from  0.001"  titanium  was  designed.  This  grid  heid  a  mesh 
pattern  with  0.001"  wires  spaced  0.003"  center  to  center  in  one  direction 
and  0.050"  in  the  other  direction.  The  first  grids  of  this  design  received 
from  the  manufacturer  had  two  major  defects:  (illustrated  in  Figure  lA) 

1.  Very  thin  lateral  wires  at  the  inside  edge  of  the  solid 
titanium  ring. 

2.  Low  transparency  of  the  grid  mesh  caused  by  the  wires  being  too 
wide  and  the  openings  being  too  narrow.  The  transi>arency  was 
as  low  as  30^6  on  some  grids  whereas  the  design  center  was  6656- 

A  new  master  to  correct  the  defects  of  the  first  grids  was  designed. 

This  design  is  illvustrated  in  Figure  IB.  Grids  from  the  new  master  were 
received  and  ia.spected.  The  wires  were  now  uniform  in  width  and  the  trans¬ 
parency  was  close  to  its  specified  value. 

To  compare  this  new  mesh  of  0.003"  by  O.05O"  wire  spacings  with  the  pre¬ 
viously  used  mesh  having  a  wire  spacing  of  0.007"  ,  triodes  were  built,  processed 
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First  Sample  of  Grid  With  .003"x.050"  Mesh 
Figure  LA. 


.005"x.010"  Mesh  Pattern 


Figure  IB 


Figure  1C 


and  tested  for  aaiplification  factor  and  transconductance.  In  these 
tests,  plate  voltage  was  set  to  I5.O  volts  and  the  grid  voltage  was 
adjusted  for  a  1.0  mllliaa^jere  plate  current.  Data  from  these  tests 
are  shown  in  Table  1. 

Another  grid  which  had  been  used  successfully  is  one  with  a  wire 
pattern  of  0.005"  by  0.010"  shown  in  Figure  1C. 

Circuit  Requirements 

At  the  present  time,  the  computer  circuits  being  developed  for 
the  Air  Force  Contract  appear  to  require  a  higher  level  of  plate 
ciirrent  and  a  sharper  cutoff  than  has  been  obtained  with  a  tube  using 
any  of  these  three  grids.  For  example,  where  these  circuits  require 
plate  cvirrents  over  1.25  milllamperes  at  plate  voltage  of  5-0  volts 
and  a  grid  voltage  of  2.5  volts,  the  highest  plate  current  consistent¬ 
ly  obtained  to  date  has  been  approximately  1.0  millianqpere .  A  few 
tubes  have  exceeded  this  level  at  the  expense  of  cutoff.  Where  the 
circuits  require  a  level  of  plate  current  at  cutoff  below  100  micro- 
amps,  at  11.5  volts  on  the  plate  and  zero  volts  on  the  grid,  the  tubes 
which  have  an  adequate  plate  current  at  5-0  volts  will  still  have  as 
high  as  hOO  microamps  at  cutoff  conditions.  Data  on  recent  representa¬ 
tive  tubes  using  the  O.OO5"  x  0.010"  grid  mesh  are  shown  in  Table  2. 

Triode  plate  family  curves  comparing  the  0.007”  by  0.007"  mesh, 
the  0.005"  by  0.010"  mesh,  and  the  O.OO3"  by  O.O5O"  mesh  are  shown  in 
Figure  2.  As  can  be  noted,  the  O.OO3"  by  O.05O"  mesh  has  the  highest 
trans conductance  and  mu  of  the  three.  Also  in  evidence  in  these  curves 
is  the  high  grid  current  at  2.5  volts  grid  voltage  in  tube  #505^  which 
has  a  0.003"  by  O.O50"  grid.  This  will  be  discussed  later  in  this  report. 
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Transconductance  and  Amplification  Factor  (u)  Measure¬ 
ments  Comparing  O.OOJ"  and  0.003"  x  O.O50"  Grid  Mesh 


Test  Conditions: 

Ep  =  15.0  volts 

Ip  =  1.0  ma 

0.007"  X  0.007" 

'  Mesh  Grid 

Tube 

Amplification 

Mo. 

Factor 

i»-33^^ 

4.0 

4269 

7.7 

4270 

6.4 

4202 

5.4 

4279 

8.6 

4256 

7.0 

4251 

7.5 

4393 

9.0 

4246 

10.0 

4253 

8.4 

Average 

7.4 

0.003"  X  0.050 

"  Mesh  Grid 

4912 

22.8 

4943 

23.9 

4937 

31.7 

4896 

22,2 

4978 

35.7 

4934 

36.0 

4941 

18.3 

4887 

35.9 

4907 

33.7 

4865 

27.2 

Average 

28.7 

TABLE  1 


Trans  c  onduc  tanc  e 
(linihos  ) _ 


1030 

1620 

1330 

1250 

15i^0 

lit60 

1580 

1390 

1810 

1620 

l46o 


3^0 

3560 

3960 

33'+o 

3^^8o 

k230 

3230 

3970 

3900 

3660 

3680 


Tube 

No. 

IPl 

IP3 

6647 

0.8  ma 

20 

6648 

1.2 

175 

6653 

•  i 

30 

6654 

1.3 

200 

6656 

1.0 

100 

6657 

1.1 

250 

6659 

0.9 

100 

6664 

0.95 

4o 

6674 

0.75 

40 

6675 

1.55 

550 

6685 

l.4o 

400 

6703 

1.50 

650 

Test  Conditions:  Ip]_  -  Ep  =  5*0v  Eg  =  +2.5v 

Ip3  “  Ep  =  11.5V-  Eg  =  0 

TABLE  2 

Triode  Switch  Tube  Currents 


These  plate  families  illustrate  that  a  triode  idiich  will  satisfy  the 
circuit  requirements  must  have  both  a  higher  transparency  grid  to  raise 
the  plate  current  and  a  higher  trans conductance  and  rau  to  improve  plate 
current  cutoff  than  has  been  achieved  with  tubes  using  either  the  0,.005" 
by  0.010"  or  the  O.OO7"  by  O.OO7"  grid.  Although,  a  tube  with  the  0.003" 
by  0.050"  grid  will  have  a  satisfactory  cutoff,  the  transparency  of  this 
grid  Is  apparently  too  low  to  allow  a  satisfactory  level  of  plate  cixrrent. 
It  is  believed  that  the  proper  gi-id  mesh  spacing  lies  some^ere  between 
that  of  the  0.003"  by  O-O5O”  and  the  O.OC5"  by  0.010"  grid  mesh. 

Theoretical  Calculations 

A  study  cf  foimula  which  give  the  relationship  of  tube  characteristics 
to  tube  parameters  showed  that  the  spaclngs  being  used  were  slightly  out 
of  range  of  the  formula.  However,  the  theoretical  tube  characteristics 
of  a  triode  using  the  0.005"  by  G.050"  grid  and  "in  range"  spacings  were 


calculated . 


Tube  #6031  .OOr'x.007"  mesh 


Tube  #6120  .005"x.010"  mesh 


Test  Conditions 

Horizontal  Scale  -  1  volt  /  Div. 
Vertical  Scale  -  ,2  ma  /  Div. 
Grid  Voltage  -  +2.5  volts  max, 

-  .5  volt  /  step 
Plate  current  is  diagonal  trace 
Grid  current  is  horizontal  trace 

Tube  #505^*  . 003" X. 050"  mesh 

Plate  Families  of  Trlodes  Comparing  Grid  Mesh  Patterns 


Figure  2 


The  following  expressions  were  used: 


=  2  Nb  0.266.8  Nd  +  680  (Nd) 


5 


Where  N  =  Grid  turns  per  unit  length 
h  =  Grid  to  plate  spacing 
d  s  Grid  wire  diameter 


264  S^/3  iB 

ijhl  1  (^)  a 

4  U  3a 


Minhos 


* 


** 


Where  S  =  Cathode  surface  area 
ip  =  Plate  current 
la  =  Amplification  factor 
a  =  Cathode  to  grid  spacing 
h  =  Grid  to  plate  spacing 


*  E.W.  Herold  "Empirical  Formula  for  Amplification  Factor" 

Proc.  I.R.E.,  Vol.  35  “  Page  493^  ’^ay  1947- 

^  W.  G.  Dow,  Fundamentals  of  Engineering  Electronics,  Page  l45,  Wiley, 

1952. 

These  expressions  are  not  reliable  for  grid  to  cathode  spacings 
smaller  than  the  grid  pitch,  because  the  close  proximity  of  the  grid 
causes  the  amplification  factor  to  vary  along  the  surface  of  the  cathode. 

Table  1  illustrated  that  the  experimental  values  of  amplification 
factor  and  trans conductance  obtained  were  28.7  and  368O  micromhos  respec- 
tlvely,  (ten  tube  average),  as  compared  to  the  theoretical  values  of  50 
and  4850  micromhos. 

These  discrepeincies  may  be  due  to  several  reasons.  The  grid  to 
cathode  spacings  actually  used  in  the  tubes  are  slightly  closer  than  that 
assumed  in  the  calculations,  the  cathode  emission  may  be  nonuniform  along 
the  surface  making  the  effective  cathode  area  smaller  them  the  actual  area 
and  the  grid  transparency  may  differ  from  grid  to  grid. 
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Although  the  con5>uted  tube  characteristics  are  somewhat  in  error, 
it  is  believed  that  valuable  information  has  been  gained,  in  that  the 
degree  of  dependence  of  the  electrical  characteristics  upon  the  mechani¬ 
cal  parameters  has  been  demonstrated.  This  information  facilitates  the 
prediction  of  how  much  the  experimentally  observed  characteristics  will 
change  when  constructional  changes  are  made  in  the  tube.  Using  this 
technique,  a  new  grid  Is  being  designed.  It  is  anticipated  that  tubes 
using  this  grid  will  meet  the  circuit  requirements. 

The  range  of  values  of  amplification  factor  which  may  be  expected 
in  a  tube  which  has  a  0.003"  by  O.05O"  grid  with  various  grid  wire 
diameters  and  plate  spacings  was  calculated  using  the  formula  by  Herold 
and  shown  graphically  in  Figure  3-  This  graph  shows  the  wide  variations 
which  may  be  expected  when  the  grid  wire  diameter  is  varied  a  small 
amount.  Table  1  also  illustrates  the  wide  variations  in  mu  obtained  in 
the  experimental  tubes .  This  may  be  due  to  slight  variations  in  grid 
transparency. 

Grid  Measiirement  Techniques 

In  an  effort  to  eliminate  improperly  etched  and  formed  grids  of  any 
design,  an  optical  device  was  designed  to  provide  a  means  of  measijiring 
the  transparency  of  each  grid  before  it  is  used,  A  schanatlc  drawing  of 
this  instrument  is  shown  in  Figure  ^4^.  A  light  source  is  located  in  one 
end  of  a  black  walled  collimator  tube  and  a  calibrated  photocell  is 
located  at  the  other  end.  The  photocell  is  connected  to  associated  meter¬ 
ing  equipment.  The  grid  is  inserted  into  the  machined  slot  midway  between 
the  two  ends  and  the  amount  of  light  transmitted  is  measured.  It  is  antici¬ 
pated  that  proper  calibration  of  the  imit  will  allow  selective  sorting  of 
grids  for  use  in  the  triode  investigation  programs  being  conducted. 


Contact  Potential 


Another  circuit  requirement  is  low  grid  current  at  positive  grid 
voltages.  Grid  cxrrrent  is  dependent  upon  the  difference  between  the 
applied  voltage  and  the  contact  potential.  Wben  the  contact  potential 
between  the  grid  and  the  cathode  is  low,  the  tube  draws  too  much  grid 
ctirrent  and  causes  loading  in  the  grid  circuit. 

Although  the  reasons  for  low  contact  potential  are  not  thoroughly 
understood  and  may  he  dependent  upon  tube  processing,  cathode  coating, 
grid  material,  or  grid  thicimess,  contact  potential  controls  some 
electrical  characteristics  of  the  tube  and  so  these  considerations  will 
be  discussed  in  this  section  of  the  report. 

In  addition  to  causing  the  grid  current  level  to  be  too  high,  an 
erratic  contact  potential  level  will  cause  an  erratic  level  of  plate 
current  even  though  all  other  tube  parameters  are  equal.  This  results 
from  the  effective  bias  of  the  tube  being  the  difference  between  the 
applied  bias  and  the  contact  potential.  For  example,  if  2.5  volts 
positive  bias  is  applied  to  grids  of  two  mechanically  identical  tubes, 
one  of  which  has  a  contact  potential  of  2.3  volts  and  the  other  one  a 
contact  potential  of  1.5  volts,  the  effective  grid  bias  would  be  0.2 
volts  on  the  first  tube  and  0.8  volts  on  the  other.  The  plate  current 
then  would  be  higher  for  the  first  tube,  even  though  the  applied  voltages 
were  equal. 

The  effect  these  variations  of  contact  potential  have  on  plate  current 
is  greater  in  tubes  •vrtiich  have  higher  levels  of  trans conductance.  This 
effect  on  plate  current  is  shown  in  the  distributions  of  plate  current 
and  contact  potential  for  two  different  grids  illusti*ated  In  Figure  5* 

In  tubes  having  a  0.007"  by  0.007"  grid  mesb,  a  trans conductance  of 
1450  micromhos  and  contact  potentials  varying  between  1,8  and  2.^^  volts, 
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CONTACT  POTENTIAL  AND  PLATE  CURRENT  DISTRIBUTIONS 
Test  Conditions! 

Contact  Potential  -  Ep  =  0,  Ig  «  10  Ma 
Plate  Current  -  Ep  =  7  0,  Eg  =  +2.5 


Contact  Potential 

1 _ I 

0  0.5 


Plate  Current  -  Tubes  with  C.P.  ^  1.8  v 


o 

o  0  0 


Mlllianips 


0.003"  X  0.050"  Mesh 


Contact  Potential 


i _ I 

0  0.5 


o  o 

_i _ 

1.0 


o 

o 


o  o 
o  o 
o  o  o 
o  o  o 
o  o  o 

_ 1 _ 

1.5 


o  o  o  o 
O  O  0  o  o  o 
o  o  o  o  o  o  o 

- ^  ^ 

Volts 


Plate  Current  -  Tubes  with  C.P.  ^  1  8  v 


Figure  5 


the  plate  current  spread  is  0.75  to  I.U5  milllaaiperes .  When  tubes  with 
the  0.003"  by  O.050"  grid  and  a  transconductance  of  368O  micromhos  have 
the  same  variations  of  contact  potential,  the  plate  current  spread  is 
from  0.2  to  I.65  Bdlliaa^jeres .  As  can  be  noted,  the  spread  in  plate 
current  is  approximately  proportional  to  the  transconductance.  Although 
the  distributions  show  tubes  with  contact  potentials  below  1,8  volts, 
only  those  tubes  exhibiting  l.S  volts  or  over  were  shown  in  the  plate 
current  distributions. 

One  factor  that  may  affect  contact  potential  is  the  grid  thickness. 
This  factor  will  be  closely  observed  idien  grids  of  several  different 
thickness  materials,  all  from  the  same  melt  of  titanium  and  etched  by 
the  same  supplier,  have  been  obtained.  Available  data  shown  in  Figure 
5  indicate  that  the  O.OO3"  by  0,050"  mesh  idiich  is  0.001"  thick  has  a 
wider  spread  of  contact  potentials  than  the  0.007"  by  0.007"  grid  ^Ich 
is  .0015"  thick.  Data  from  Table  3  also  indicate  this  same  trend. 


Tube 

Contact 

No. 

Mesh 

Thickness 

Potential 

4721 

0.007"  X  0.007" 

0.0015" 

2.35  volts 

4741 

ft 

tl 

2.15 

4745 

It 

11 

2.3 

4727 

II 

0.001 

1.14 

4729 

II 

II 

1.27 

4730 

It 

tl 

1.68 

4733 

0.003"  X  O.O5O" 

It 

1.7 

4735 

11 

II 

2.04 

4737 

tl 

It 

1.48 

4739 

11 

ir 

1.33 

4756 

It 

It 

1.47 

4757 

11 

It 

1.75 

4759 

It 

11 

1.71 

TABLE  3 

It  is  believed  that  the  thinner  materials  are  more  prone  to  become 
contaniinated  during  processing  and  thus  change  in  work  function.  The 
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nature  of  this  contaniinatlon  is  not  understood.  Grids  with  poor  contact 
potential  have  been  analyzed  using  oiass  spectrometer,  spectrograph,  and 
x-ray  diffraction  techniques  with  no  positive  results.  Analysis  work 
will  continue  in  an  effort  to  identify  the  contaminants  causing  trouble - 

Previous  tests  have  indicated  that  there  is  some  tendency  for  thick 
cathode  coating  to  reduce  the  contact  potential.  It  is  believed  that 
areas  of  thick  cathode  coating  could  also  cause  low  contact  potential. 

One  attempt  to  achieve  a  more  uniform  cathode  coating  involved  the 
application  of  a  more  than  usual  amount  of  coating  having  a  lower  ratio 
of  carbonates  to  vehicle.  This  coating  was  applied  to  diode  cathodes 
in  four  different  carbonate  concentrations  ranging  from  8^  to  20^ 
Hl-lB-3  coating  (Strontium  70/Barium  30)  in  reagent  grade  acetone. 

Table  4  presents  Initial  tube  data  obtained  from  these  tests. 


Coating  Concentration 

Is 

Contact  Potential 

7.3  ma 

2.4  volts 

105t 

7-6 

2.5 

15^t 

5.9 

2.6 

2(4 

8.6 

2.4 

Effect  on  Diode  Characteristics  of  Cathode  Coating  Con¬ 
centrations  -Median  Value  of  Each  Lot 

TABLE  4 

From  these  tests,  it  was  concluded  that  there  was  little  significant 
difference  in  the  effect  of  coating  concentration  vdien  applied  to  diode 
cathodes.  The  life  test  on  the  diodes  will  be  reported  later  in  this 
report.  It  is  believed  these  tests  would  have  shown  larger  differences 
between  lots  if  they  bad  been  performed  on  triodes.  After  a  few  tests, 
this  method  of  coating  was  discontinued  because  the  larger  amount  of  coat' 
Ing  mix  required  would  not  remain  on  the  cathode.  Many  tubes  had  coating 
on  the  titanium  stud  supporting  the  cathode  which  further  reduced  the 


contact  potential. 


An  improved  method  of  keeping  the  cathode  coating  in  suspension 
is  nov  being  used.  Instead  of  mixing  the  coating  J\ist  prior  to  use, 
the  coating  Is  now  continuously  stirred  during  the  cathode  coating 
operation.  This  technique  appears  to  produce  a  much  more  uniform 
coatingj  tests  are  being  run  to  determine  the  effects  on  tube  character¬ 
istics  . 

Electrical  Design  -  Diode 

Three  new  diode  designs  were  investigated  this  quarter; 

1.  Low  capacitance  diode 

2.  Zero  contact  potential  diode 

3.  Multiple  series  diode  for  high  contact  potential 
Low  Capacitance  Diode 

At  the  request  of  the  circuit  group,  the  feasibility  of  reducing 
the  interelectrode  capacitance  of  the  conventional  TIMM  diode  to  half 
its  present  value  was  studied.  The  circuit  requirements  for  the  diode 
are  such  that  a  reduction  of  perveance  can  be  tolerated. 

Through  an  analysis  of  the  present  diode,  it  \reis  determined  that  hk'ja 
of  the  capacitance  is  active  (anode  to  cathode)  and  the  rest,  is 

passive  (in  the  seal  area).  Since  a  reduction  of  perveance  can  be  toler¬ 
ated,  the  spacing  between  the  anode  and  cathode  was  increased  from  0.002" 
to  0.003".  This  reduced  the  perveance  by  approximately  ^Qff)  and  the  active 
capacitance  to  67?^  of  its  former  value. 

The  passive  capacitance  was  reduced  by  the  use  of  a  thieker  insulator 
RnH  t.hi?  vas  ‘fTOIw  0--015”  0i035” 

and  reduced  the  passive  capacitance  to  ^4-35^  of  its  former  value. 

The  calculated  total  capacitance  of  the  low  cai>acltance  diode  is 
that  of  the  conver.tional  diode.  Tubes  having  this  type  construction  were 
made;  caparita^"#=  measurements  of  these  diodes  are  compared  to  those  of 
regular  Table  5* 

I  L 

-  u 


standard  Diode 


Reduced  Capacitance  Diode 


0.015"  Insulator 
0.002"  K  -  A  Spacing 


0.035"  Insulator 
0.003"  K  -  A  Spacing 


Tube  No. 


Capacitance 


Tube  No. 


Capacitance 


5028  6.9  pf  3606 
5032  6.8  3609 
5034  6.9  3608 


4.1  pf 

3.85 

3,9 


TABLE  5 

Diode  Capacitance  Measurements 


The  experimental  value  of  the  capacitance  reduction  is  585^  of  the 
conventional  diode  capacitance  while  the  calculated  value  is  54/&. 

Some  of  these  diodes  were  given  to  the  Circuit  Group  for  their 
evaluation . 

Zero  Contact  Potential  Diode 

The  Circuit  Group  also  requested  a  diode  with  zero  contact  potential 
to  use  as  an  RF  mixer.  Since  the  materials  used  in  the  conventional  diode 
consistently  resulted  in  a  high  contact  potential,  it  was  realized  that  a 
material  change  was  necessary.  Work  performed  some  years  ago  at  the 
General  Electric  Research  Laboratories,  Schenectady,  New  York,  indicated 
that  tubes  with  a  slightly  more  active  cathode  substrate  material  than 
platinum  would  dejxjsit  excessive  amounts  of  barium  or  strontium  on  the  anode 
and  so  reduce  its  work  function  to  that  of  the  cathode  after  operating  for 
a  few  hours.  One  cathode  material  suggested  was  tvingsten  pxjwder  on  the 
cathode  substrate.  Preliminary  attenqjts  to  use  the  pxDwder  failed  because 
of  poor  adherence  of  the  powder  to  the  base.  T.-JVpwiRe,  tungsten  foil 
would  not  maintain  a  flat  surface  because  of  the  diffenence  in  temperature 
coefficients  of  exp>anslon.  Further  work  will  Include  the  investigation 
of  other  anode  materials,  as  well  as  different  cathode  materials. 
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Series  .Diode 


Sotie  circuits  re<^uire  that  a  diode  not  conduct  us-til  the  voltage 
across  it  exceeds  six  or  more  volts.  Since  this  is  co:''.side:.'a’bly  more 
thesi  the  Ligb-est  theoretical  contact  potential  for  a  single  diode, 
multip-le  units  were  designed.  A  triple  unit  is  sho**ri  in  ?ig.m'e  6a. 

The  center  electrodes  serve  as  an  anode  of  one  seijtio.’.''.  as  veil  as  a 
cathocle  for  the  adjacent  section,  therehy  reducing  veiget  and  volm-.\e 
over  the  sECie  number  of  single  units  connected  in.  series.  ’Z.re  elec¬ 
trical  characte.Tlstic&  of  this  triple  series  diode  coKiparsd  to  those 
of  a  conventional  diode  are  shown  in  the  c-ur'ves  displayed  in  Figure  6b. 
Mechanical  Design 
Electrode  Studs 

Anode  and  cathode  studs  have  p.reviously  'been  fahrlcated  hy  welding 
several,  lasers  of  titanium  discs  to  the  approxlaate  required  he.lg.’it  and 
then  S'^jaglng  or  pressing  to  the  finished  size.  Ihere  were  sasny  prchli^ns 
connected  with  this  method  of  stud  majeing: 

1.  It  was  necessary  to  keep  on  hand  identified  and  separated  many 
di-ffex-eut  size  discs. 

2.  The  ^/elding  together  of  mariy  layers  of  .mater-ia.!  for^Tued  the 
possibility  of  enclosing  and  rendering  unranovabls  con.tiaiinants 
on  the  s-orface  of  these  discs  ifeich.  would  jater  .wig;r?.te  out  of 
the  areas  ^'Ct^Teen  studs  into  the  tube  and  cause  end.seion  or 
leakage  proolens, 

3.  PB.rts  sized  by  sv/agl:g  would  change  size  drjrlrg  processi.ng, 
making  it  difficult  to  predict  tube  spo'.cl.ng" . 

It  is  postulated  that  the  virlssion  level  of  the  triodo,  usually 
lover  than  that  cf  the  diode,  is  affected  by’  seaj.  products  ;Trar.  the  uickel- 
tltaniinn  eutectic  or  its  reaction  with  the  insulator,  formed  when  the 
tube  seal  is  niaie.  Since  the  triode  has  all  four  seals  exposed  to  the 
interior  of  the  tube,  instead  of  two  as  in  the  diode,  mere  seal  p.roducts 
are  forned  and  can  entar  the  e/acioa-ted  region  of  uhe  tube . 


-17- 


Anode 


Anode  -  Cathode  _ 

Cathode - ^/Ay//^0^9A7Z^ 


■Insulator 


Cross  Section  of  Triple  Series  Diode 
Figure  6a 


Horizontal  Scale  -  2  Volts  /  Div. 
Vertical  Scale  -  2  Ma.  /  Div. 

Left  Trace  -  Single  Section  Diode 
Right  Trace  -  Triple  Section  Diode 

Diode  I  Vs .  E 
P  P 

Figure  6b 
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Anode  and  cathode  studs  suitable  for  fabrication  on  an  automatic 


screw  machine  were  designed.  Recently  constructed  triodes  have  these 
studs  incoi'porated  in  their  design.  Figure  7A  Illustrates  the  cathode 
stud  and  its  relationship  to  the  ceramic  insulator. 


Cathode  Vapor  Trap 


These  studs  fit  the  ceramic  insulator  more  closely  than  the  studs 
previously  used.  With  this  design,  it  is  expected  that  seal  products 
which  may  enter  the  tube  during  sealing  will  be  trapped  or  gettered  by 
the  hot  titanium  stud  before  they  can  penetrate  to  the  active  surface 
areas  of  the  cathode,  grid  and  anode.  Usually  the  close  spacing  of  an 
electrode  stud  to  the  ceramic  insulator  results  in  solder  being  drawn 
up  along  the  stud  by  capillary  action  during  the  sealing  operation.  To 
prevent  this,  the  lower  edge  of  the  stud  is  beveled  to  form  an  enclosirre 
designed  to  trap  any  solder  which  may  be  forced  into  the  tube  at  sealing. 

The  anode  stud  is  similar  to  the  cathode  stud  with  the  exception 
that  the  active  face  is  slightly  smaller  in  diameter  to  allow  a  larger 
anode  to  grid  elentrode  clearance; 

Attempts  are  being  made  to  machine  these  one-piece  studs  to  the  proper 
size  and  thereby  eliminate  the  swaging  operation  formerly  necessary  for 
sizing.  These  one-piece  studs  remain  nearly  constant  in  size  throughout 
the  processing  steps. 
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Controlled  tests  to  determine  t.ie  value  of  the  solder  and  vapor 
trap  have  not  "been  made.  It  has  been  observed,  however,  that  the 
general  level  of  emission  of  the  trlodes  is  considerably  higher  than 
it  has  been  in  the  past.  A  photograph  of  tubes  using  these  studs  is 
shown  in  Figure  JS  and  7C. 

Grid  Electrode 

The  second  quarterly  report  described  preliminary  tests  of  a  grid 
electrode  idilch  would  stretch  the  titanium  grid  while  the  seal  was 
being  made.  A  cross-section  of  the  basic  form  of  this  electrode  la 
shown  before  and  after  sealing  in  Figure  8. 


.Insulator 

Electrode 

Grid 


Before  Sealing 


Figure  8 
Grid  Tensioning  Electrode 


After  Sealing 


This  type  grid  tensioning  electrode  has  been  successful  in  holding 
flat  a  0.001"  titanium  grid  which  heretofore  had  always  buckled  and 
touched  either  the  anode  or  the  cathode.  Although  some  grid  shorts  are 
still  occurring,  it  is  believed  that  a  refinement  of  this  type  grid 
tensioning  technique  will  be  co»5)letely  successful  in  permitting  the  use 
of  a  thin,  pure  titanium  grid  in  TIMM  trlodes. 

Some  prcblems  encojalered  in  the  use  of  this  electrode  are  as  follows: 

1.  The  strength  of  ’he  grid  ring  at  its  thinnest  cross-section, 
l.e.,  in  the  area  between  the  sealing  portion  and  the  grid 
mountirig  portion,  is  critical.  If  it  is  too  strong  at  sealing 
temperature,  th'“  grid  portion  will  not  deform  and  stretch  the 
grid.  It  may  holi  the  seal  open  or  it  may  tilt  the  entire 
ring  and  rau:e  an  open  or  marginal  seal.  Tf  it  Is  too  weak, 
the  grid  portic-  will  deform  at  too  low  a  temperature  during 
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Cross  Section  of  Trlode  With  -.003”  Grid  Electrode  Recess 
and  Machined  Anode  and  Cathode  Studs 

Figure  7B 


Cross  Section  of  Triode  With  .0014-5''  Grid  Electrode  Recess 
and  Machined  Anode  and  Cathode  Studs 

Figure  7C 
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the  sealing  cycle.  This  will  allow  the  grid  to  again  distort 
at  sealing  teaperature. 

2.  The  depth  of  the  recess  where  the  grid  is  fastened  is  fairly 
critical.  Too  much  depth  will  cause  too  much  grid  stretching 
6ind  consequently  a  damaged  grid.  Not  enough  depth  will  cause 
Inadequate  stretching  resulting  in  a  warped  grid  and  possibly 
a  seal  held  open  hy  an  extra  thickness  of  metal  arovind  the 
inside  of  the  ring.  Too  small  a  rise  on  the  top  side  of  the 
electrode  will  result  in  a  poorly  stretched  grid  which  is  not 
properly  positioned  in  the  tube. 

3.  The  electrodes,  formed  hy  coining,  distort  dviring  firing 
and  alter  the  critical  dimensions. 

4.  Grid  electrode  to  insulator  alignment  is  poor  in  some  tubes 
causing  the  grid  to  he  formed  into  the  inside  opening  of  the 
insulator  and  below  its  proper  position.  It  may  also  cause 
insufficient  deformation  of  the  grid  electrode  thereby  allow¬ 
ing  the  grid  to  distort. 

In  order  to  reduce  the  strength  of  the  grid  electrode  in  the  area 
between  its  sealing  and  tensioning  portions,  it  has  been  found  necessary 
to  provide  some  form  of  weakening  groove  between  these  sections.  Three 
variations  are  shown  in  Figure  9- 


Figure  9 

Cross  Sections  of  Grid  Tensioning 
Electrode  With  Weakening  Grooves 

A  further  control  for  grid  tensioning  is  the  adjustment  of  the 
pressure  which  the  sealing  Jig  applies  to  the  stack  of  tubes  being  sealed. 

Experiments  using  different  depths  of  the  grid  electrode  recess  were 
performed.  Figures 7B  and  JC  show  the  results  of  two  of  these  experiments. 
The  grid  electrode  in  7B  had  a  grid  recess  .003"  deep  while  the  electrode 
in  7C  had  a  recess  0.0045"  deep.  Neither  electrode  had  the  weakening 
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grooves  desrrilM  a:.’-e,  '•  -r. i  hhat  although  the  electrode 

with  the  0.CC3'’  recef-^  c-'-i  tne  q.  \-2  rally  flat^  TB,  the  tensioning 
hy  the  other  electrode  vas  ouparior  in  that  each  grid  wire  was  held 
parallel  with  the  one  aljacent  to  (7C).  Although  the  photographs  do 
not  display  the  seals  to  advantage,  visual  examination  revealed  that 
seals  made  to  electroies  having  r.o  weakening  groove  were  marginal. 

Although  the  grids  are  generally  heing  held  flat,  the  present  method 
of  stretching  requires  firtther  refinement  to  accurately  locate  the  grid 
with  respect  to  the  cathode  in  every  tube. 

In  order  to  control  the  distortion  of  the  grid  ring  during  the 
vacuum  firing  operation,  it  has  been  found  necessary  to  chsuige  the  order 
of  fabrication  and  processing  steps  to  the  following: 

1.  Punch  grid  opening  in  blank  electrode. 

2.  Degrease  electrode  and  clean. 

3.  Vacuum  fire  electrode  at  high  temperatxares . 

4.  Form  electrode  by  coining, 

5.  Tack  weld  grid  mesh  into  place. 

6.  Vacuum  fire  el^-^rode  and  grid  at  a  lower  temperatvtre . 

7.  Weld  grid  and  solder  rings  into  place. 


With  this  processing  it  has  been  found  possible  to  hold  the  accurate 
electrode  dimensions  neressary  until  the  electrode  is  placed  in  the  tube. 
Two  other  eidvantages  ver-e  also  discovered  with  this  revised  processing 
schedule.  The  vacuum  fired  was  more  easily  coined  making 

lower  forming  pressures  ard  thus  greater  tool  life  possible.  By  tack 
welding  the  grid  mesh  in  plar-  in  ^he  electrode,  it  was  more  easily 


4-  J  ^  I - -  '‘a*  -  'V-- 
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la’  -ce  C'f  cyniAaination  pick-up  from 


poor  or  improper  handli-g. 

It  was  four.l  nece.-ra.'v  <■-'  7v*io'>»  tne  inside  diameter  of  the  ceramic 
insulator  to  provide  ts"**  :  -  .rpc’"  vh’=>^-  *-he  grid  elec  +  rode  deforms  to 


tension  the  grid.  Although  the  support  is  now  much  improved,  additional 
effort  is  required  to  improve  electrode  to  insulator  alignment. 

Further  development  of  grid  tensioning  methods  must  include: 

1.  A  grid  electrode  shape  with  fewer  critical  dimensions. 

2.  A  grid  tensioning  method  which  will  include  an  accurate 
reference  plane  to  hold  the  electrode  and  grid  in  place. 

3.  A  means  to  tension  and  position  the  grid  that  will  always 
allow  the  seal  to  close  and  braze  correctly. 

Tube  Processing 

It  has  been  noted  in  the  past  that  tubes  made  from  parts  which  were 
allowed  to  remain  for  an  extended  period  of  time  in  an  oil  diffusion  pmp- 
evacuated  bell  jar  had  very  low  or  essentially  zero  emission.  It  was 
believed  that  if  long  periods  of  exposoire  to  vapors  from  an  oil  diffusion 
pumped  system  could  be  so  detrimental  to  tube  characteristics,  even  a 
short  exposure  could  be  harmful. 

When  the  ion  pumped  vacuum  system  was  Installed,  comparison  tests 
were  performed  to  determine  if  this  type  vacutm  system  is  superior  to  the 
oil  diffusion  type  heretofore  used.  A  sufficient  number  of  parts  for 
several  lots  of  tubes  were  vacuum  fired  in  either  one  or  the  other  of 
two  vacuum  systems.  Parts  which  were  fired  in  each  of  these  systems  were 
separated  into  two  groups  and  made  into  tubes,  one  group  was  sealed  In 
the  ion  pimped  system  and  the  other  in  the  oil  diffusion  pumped  system. 

The  tubes  were  then  evaluated  for  emission  and  contact  potential.  Sample 
parts  fired  in  each  system  were  held  for  mass  spectrcaieter  evaluation. 

The  results  of  the  tests  are  graphically  displayed  by  emission  dis¬ 
tributions  in  Figure  10.  These  distributions  clearly  illustrate  that 
tubes  having  parts  processed  or  the  sealing  operation  performed  in  an 
oil  diffusion  system  are  Inferior  to  those  completely  processed  in  the 
ion  system.  Subsequent  similar  tests  have  not  shown  such  a  drastic 
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EMinSION  DISTRIBUTION  FOR  OIL  VERSUS  ION  PUMPING 
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difference,  but  the  accoiulated  da,!:':,  on  tubes  toade  in  each  system  also 
Indicate  that  the  ion  vacuum  system  is  superior  for  parts  and  tube  pro¬ 
cessing.  Life  test  results  of  these  tiibes  will  be  discussed  in  a  later 
portion  of  this  report. 

Wien  these  data  indicating  superiority  of  the  ion  pumped  vacuum 
system  were  obtained,  the  practice  of  firing  all  parts  In  this  system  was 
adopted.  With  the  adoption  of  this  practice  another  advantage  of  the 
ion  pumped  system  was  realized.  Good  practice  dictates  that  parts  being 
processed  must  not  be  left,  in  an  oil  diffusion  system  any  longer  than 
is  necessary  because  of  t.he  increase  in  oil  back- streaming  at  low  bell 
jar  pressures.  In  the  past,  it  has  been  found  necessary  to  clean  and 
vacuum  fire  parts  Immediately  prior  to  their  use.  With  these  time  limita¬ 
tions,  all  operations  must  be  perfcrmed  in  one  day,  making  it  Impossible 
to  have  parte  fired  and  ready  for  tubes  until  late  in  the  morning.  Since 
parts  can  remain  in  the  ion  system  for  extended  periods  without  being 
contaminated  by  oil  back- st ream irp.  It  has  been  found  advantageous  to 
pre-process  parts  and  place  them  in  the  evacuated  bell  Jar  over  night. 

The  parts  are  then  ready  for  vacuum  firing  the  next  rooming.  In  this 
way  it  has  been  found  posi,lbl«'‘  to  save  several  hours  a  day.  This 
extended  bell  Jar  evacuatlcn  tirae  has  also  made  it  possible  to  fire  at 
a  much  lower  pressure  th8.n  would  otherwise  be  possible. 

Figure  .11  shows  a  d.rjtle  oven  arrangement  now  being  used  in  the  bell 
Jar  of  the  ion  pampe.!  syst.em.  With  two  ovens  permanently  Installed  in 
the  bell  Jar  and  an  appropriate  switching  arrangement,  it  has  been  found 
possible  to  fire  part?  at  two  d!ff«r.=nt  schedules  during  one  processing 
cycle.  It  Is  also  pcs.';  lb!  e  fire  parts  or  to  seal  tubes  without  having 
to  change  ovens  in  ■‘■he  tell  jar. 

Figure  12  show*  da' a  from  mass  spectrometer  testing  of  parts 

which  were  vacjum  fi.’--!  ;.n  ’ne  *  vn  vazunn  fvs  terns.  Also  shown  are  data 


Double  Oven  Arrangement 


rlelative  Gas  Level 


GAS  EVOLUTION  &  TEMPERATUEE  VS  ELAPSED  TIME  OF  TEST 


Time  of  Test  -  Minutes 


Figure  12 


Temperature  of  Sample 


for  unfired  parts  taken  from  the  sajae  group.  The  only  gas  detectable 
over  the  background  level  of  the  instrument  was  hydrogen.  Although  a 
very  slight  difference  exists  In  the  hydrogen  level  between  the  parts 
fired  In  the  two  systems,  it  is  believed,  that  oil  molecxoles,  not  detect¬ 
able  by  mass  spectrometry  methods,  are  responsible  for  the  d  ifferences 
of  behavior  these  parts  have  in  the  t\ibes. 

It  has  been  observed  that  the  contact  potential  of  a  TIWM  triode 
will  occasionally  increase  during  operation.  Consequently,  the  effect 
of  stabilizing  schedulss  upon  contact  potential,  both  high  and.  low, 
were  studied.  The  results  of  one  such  test  are  shown  in  Figure  13 . 

These  data  were  obtained  by  choosing  five  tubes  with  a  range  of  contact 
potentials  and  processing  these  tubes  in  the  following  manner;- 

Step  1  -  The  tube  was  heated  to  750  C  for  one  hour. 

Step  2  -  The  tube  was  operated  for  two  hours  at  58O  C, 
drawing  ^4-  milliamperes  of  cathode  current. 

St'.ep  3  *  The  tube  was  operated  for  25  hours  under  the 
same  conditions  of  Step  2. 

Readings  were  taken  at  the  end  of  each  step.  The  data  illustrate 
the  same  results  which  have  been  observed  in  the  past;  generally,  the 
contact  potential  will  drop  slightly  and  the  emission  may  rise  tempo¬ 
rarily.  Ore  tube  Increased  In  contact  potential  from  one  volt  to  almost 
two  volts;  however,  t.hls  processing  is  not  a  reliable  method  for  correct¬ 
ing  all  low  contact  pote,-;*  ial  tubes. 

Data  on  +  jbe.s  prcvicuely  etabilize-i  will  be  reported  in  the  life 
test  portion  of  this  report. 

Further  stabilizing  tests  will  be  performed  to  study  the  effect  that 
stabillzinc  has  on  lilc  *cft  results  and  to  determine  the  effect  on  tube 


characteristics  before  ar.i  afcer  module  fabrication. 


EFFECTS  OF  STABILIZING  ON  TEjM  TRIODES 
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Testing  Methods 

Tbe  usual  sethod  of  aeasurlag  triode  ealsslon  Is  unsatisfactory 
when  used  to  seasure  enlssloa  of  TIMM  triodes.  Uie  emission  is  measured 
by  connecting  the  grid  to  the  plate  and  applying  an  appropriate  voltage 
to  these  two  electrodes.  The  total  cathode  current  measured  is  comprised 
mainly  of  electrons  being  drawn  to  the  grid.  A  thin  titanium  TIMM  triode 
grid  will  dissipate  but  very  little  power  without  buckling,  and  permanent¬ 
ly  changing  characteristics  of  the  tube. 

One  way  to  avoid  buckling  the  grid  and  permanently  changing  tube 
characteristics  is  to  apply  a  significantly  reduced  voltage.  This  method, 
however,  will  not  measure  saturated  emission. 

The  new  method  now  in  use  involves  connecting  the  grid  through  a 
current  limiting  resistor  to  anode  and  applying  a  higher  voltage  to  the 
anode.  In  this  way  the  grid  current  is  restricted  to  a  few  milllamperes . 
Test  Results 
Life  Test 

The  diode  life  tests  comparing  electrode  materials  (Lots  222,  224 
and  294)  have  operated  beyond  4500  hours.  These  tubes  are  operating 
at  580  C  with  a  cathode  current  of  two  milliaatperes .  Data  for  these  tests 
are  shown  in  Figures  l4  and  15.  At  this  time  the  tubes  made  from  vacuum 
annealed  material  appear  to  have  a  superior  aBission  level.  There  is  no 
apparent  difference  in  contact  potential  levels  between  the  three  lots 
of  tubes . 

Another  group  of  diodes  (Lot  237)  with  vacuum  annealed  titanium  parts 
have  been  operating  at  58O  C  while  drawing  eetirrated  emissicn.  These  data 
are  shown  in  Figure  I6.  Although  the  emission  level  is  somewhat  lower  than 
the  same  kind  of  tubes  operated  at  a  lower  cathode  current,  the  emission 
level  has  remained  essentially  constant  for  the  last  three  thousand  ho\irs . 
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Hours  of  Life 


Data  on  diodes  comparing  the  ion  pumped  vacuum  system  to  the  oil 
diffusion  pua5)ed  system  are  shown  in  Figure  17 .  The  operating  tempera¬ 
ture  of  the  tubes  on  this  life  test  is  higher,  625  C,  than  the  tests 
previously  discussed.  A  higher  terai>erature  is  used  to  accelerate  the 
usual  deterioration  of  the  tube  during  its  life  so  that  a  comparison 
could  be  obtained  in  a  shorter  period  of  time.  Both  lots  were  operated 
at  satvirated  emission.  It  was  found  that  the  higher  emission  tubes 
processed  in  the  ion  puii5)ed  vacuum  system  oi)erated  at  such  a  high  level 
of  cathode  current  at  625  C  that  the  contact  potential  dropped  almost 
to  zero.  (This  effect  has  been  observed  on  other  tubes  vdiich  were 
allowed  to  draw  too  much  current  at  a  high  temperature.)  The  emission 
level  of  the  tubes  processed  in  the  ion  pumped  vacuum  system  has  re¬ 
mained  at  a  higher  level  than  those  processed  in  the  oil  diffusion 
pumped  system  throuighout  the  1000  hours  of  operation. 

It  is  believed  that  an  accelerated  life  test  such  as  this  should 
be  operated  at  a  constant  cathode  current.  To  correlate  results  with 
those  that  might  be  obtained  at  5^0  C,  a  control  test  at  this  temperature 
should  also  be  performed. 

Figures  I8  and  I9  show  life  test  data  on  diodes  which  were  made  dur¬ 
ing  the  coating  thickness  tests  discussed  previously.  These  tests  were 
also  operated  at  the  accelerated  condition  of  650  C.  These  data  indi¬ 
cate  that  the  emission  level  slumps  rapidly  when  the  cathode  has  a 
thicker  coating.  This  may  be  due  to  a  high  resistance  Interface  develop¬ 
ing  between  the  coating  and  the  cathode  base.  The  thicker  coating  appears 
to  have  a  more  uniform  contact  potential.  This  is  contrary  to  what  might 
be  predicted  from  the  original  d.RtJp,  showing  dependence  cf  contact  potential 
on  coating  thickness. 
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DIODE  CXINTACTT  POTENTIAL  "WS  HOURS  OF  LIFE 
FOR  VARIOUS  CATHODE  COATING  GONSISTANCIES 


Note  -  ^  Coating  is  proportion  of  Strontioaa  70  /  Barium  30 
cathode  coating  (S,  I.  HI-IR-3)  in  reagent 
grade  acetone 
Figure  iB 


DIODE  E}.a;SSION  vs  HOURS  OF  LIFE 
FOR  VAiaOUS  CATHODE  COATING  CONSISTAMGIES 

Life  Test  Conditions  &  Temperature  =  625'^C^  Ep  =  lOv,  Rt  =  470  ohms 


Note  -  ^  Coating  is  proportion  of  Strontium  70  /  Barium  30 
cathode  coating  (S.  I.  HI-IR-3)  in  reagent 
grade  acetone 

Figure  I9 


Additional  life  test  data  are  shovn  in  Figures  20,  21  and  22. 

These  tests  compare  triode  oi>eratlon  at  Ep  =  50  volts  to  operation 
at  Ep  =  10  volts.  [Bieae  tests  also  cconpare  stahillzed  tubes  with 
nonstabllized  tubes.  At  the  2500  hour  point,  the  differences  betwen 
these  lots  sire  insignificant. 

Triode  data  comparing  the  effects  of  processing  in  the  two  types 
of  vacuxam  systems  are  shown  In  Figures  23  and  2k-,  The  tubes  made  in 
the  oil  diffusion  pumped  system  have  a  lower  contact  potential  and 
consequently  are  operating  at  a  higher  plate  cxirrent.  This  causes 
trans conductance  to  be  higher  on  these  tubes  than  on  other  groups 
^en  the  applied  test  voltages  are  the  same.  The  tubes  processed  in 
the  ion  pumped  system  appear  to  be  slightly  more  stable.  It  is 
believed  that  a  better  comparison  of  ihese  two  groups  of  tubes  could 
have  been  made  if  the  transconductance  had  been  measured  at  a  constant 
plate  current  thereby  eliminating  the  differences  of  operating  points 
caused  by  the  different  values  of  contact  potential. 

Shock  Test 

Shock  testing  of  TIMM  triodes  was  continued  this  period.  All  tubes 
tested  used  the  0.007"  x  0.007"  mesh.  All  tubes  were  shocked  five  times 
at  675  G  in  each  of  three  directions  as  shown  in  Figure  25A.  The  plate 
ciirrent  was  recorded  before  and  after  each  blow,  and  upon  the  completion 
of  the  tests^  d-c  readings  were  taken  for  comparison  against  readings 
taken  before  the  test.  These  before  and  after  readings  are  shown  in 
Table  6.  Figure  25B  displays  the  plate  family  trace  before  and  after 
shock  testing  tube  §kh^2. 

It  can  be  noted  from  these  data  that  there  were  no  instances  of  grid 
failure  due  to  shock  testing.  The  large  decrease  in  measured  contact 
potential  (see  recorded  d-c  readings)  in  some  cases  is  misleading  because 
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TRIODE  EMISSION  VS  KDDHS  OF  LIFE 
For  Stabilized  and  Unstabiliaed  Tubes 


1 


TRIODE  GRID-GA.TK3DE  CONIACT  POTENTIAL  VS  HOOHS  OF  LIFE 
FOR  DIFFERENT  VACUUM  SYSTEMS 


Hours  of  Life  lOOB  -  Oil  Diffusion  Pump  Vacuxm  System 


I 


Direction  of  Shock  Test  Blows 
Figure  25A 


Before  Shock  Test  After  Shock  Test 

Test  Conditions 

Horizontal  Scale  -  1  volt  /  Div.  Vertical  Scale  -  .2  ma  /  Div 
Grid  Voltage  -  +2-5  volts  max.  -  .5  volt  /  Step 

Plate  current  is  diagonal  trace 
Grid  current  is  horizontal  trace 


The  Plate  Family  of  Tube  ^452 
Before  and  After  Shock  Test 

Figure  25B 
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DC  Readings  Before  and  After  Shook 


i 

ia(®a) 

(meg) 

4410 

Before  Shock 

8 

.8 

420 

2.82 

>3 

After  Shock 

4.5 

.84 

370 

2.50 

>3 

Before  Shock 

7 

2.07 

218 

2.42 

>3 

After  Shock 

4565 

7 

1.44 

298 

2.40 

>3 

Before  Shock 

4 

2.20 

170 

1.05 

2 

After  Shock 

5 

2.06 

190 

1.00 

>3 

Before  Shock 

After  Shock 

3  1.05 

WENT  AIR  AFTER  OCftlPLETION  OF 

380 

TEST 

1.28 

>3 

Before  Shock 

13 

2.06 

460 

1.65 

>3 

After  Shock 

13 

.92* 

470 

1.55 

>3 

Before  Shock 

16 

2.00 

800 

2.17 

>3  meg. 

After  Shock 

13 

.61* 

860 

2.10 

>3 

*■  Note  explanation  on  Page  23* 


Shock  Test  Conditions: 

Grid  Voltage  +2-0  volts 
Plate  Voltage  +10. C  volta 
Shock  Le  /el  675  gAiIov/ 


Test  Conditions 

Ig  -  Ep  and  Eg  =  30v  Rg  =  I50OO  ohms 
Contact  Potential  Ep  =  0  Ic  =  10  ua 
Ig  and  Ip^  -  Ep  =  7.0v  Eg  =  +  2,5v 
Iri  -  Eg  =  -3.OV 


Table  6 
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of  seastiring  techniques.  Contact  potential  is  awasured  hy  detemining 
the  grid  potential  necessary  for  10  of  grid  current.  If  a  small 
piece  of  cathode  coating  should  hecoac  dislodged  from  the  cathode 
and  adhere  to  the  grid,  the  work  function  of  this  very  small,  area 
would  be  reduced  and  the  10  pn  current  would  be  obtained  at  a  very  low 
voltage.  Thus,  the  value  of  contact  potential  awasured  would  be  con¬ 
siderably  lower  them  the  avereige  grid  contact  potential.  This  is 
clearly  shown  in  the  plate  families  of  tube  which  suffered  a 

large  drop  in  measured  contact  potential  while  the  plate  families 
indicate  very  little  change  in  characteristics. 

Hie  only  shock  test  performed  so  far  has  been  on  the  0.007"  x  0.007" 
grid  which  is  0.0015"  thick.  More  shock  tests  will  be  performed  on  tubes 
with  thinner  grid  materials. 

Module  Fabrication 

The  brazing  of  TIMM  components  into  circuit  modules  is  presently 
performed  with  aluminum  as  a  brazing  material  because  of  previous 
difficulty  with  silver  migration  across  some  components  which  were 
brazed  with  Incusil  15 .  Some  difficulty  in  obtaining  consistently 
strong  alvimlnum  braze  joints  has  been  experienced.  Modules  have  been 
brazed  in  both  Argon  and  vacuum  atmosphere  using  aluminum  shims  ranging 
from  0.0005"  to  0.002"  in  thickness.  The  thicker  material  yields  the 
stronger  braze  initially  but  deteriorates  rapidly  at  operating  tempera- 
l\ire  This  is  believed  to  be  due  to  relatively  large  voids  in  the 
braze  joint  where  the  metallic  aluntlnum,  remaining  after  the  brazing 
operation,:  diffuses  into  the  titanium,  .'bi  investigation  is  now  under 
way  to  determine  the  exact  nature  of  this  void  problem  end  how  best  to 


solve  it. 


S^anaary  of  Tubes  Made 


A  total  of  936  triodes,  696  sliigle  section  diodes  and  93  triple 
section  diodes  vere  made  as  x>art  of  the  research  and  developmait 
efforts.  Of  the  total  number  of  tubes  made^  132  triodes,  378  diodes  and 
l4  triple  section  diodes  were  considered  to  be  acceptable  ,  usable  com¬ 
ponents  . 

Again,  as  during  the  last  reporting  period,  interelectrode  shorts 
and  low  contact  potential  are  still  the  major  problems  to  be  resolved. 
The  problem  of  interelectrode  shorts  is  aggravated  by  the  close  grid  to 
cathode  spacing  used  in  triodes  and  the  tendency  for  titanium  grids  to 
■warp  and  bow  at  processing  temperatures  in  excess  of  1000  C  and  environ¬ 
mental  temperatures  of  580  C. 


*  An  acceptable  diode  has  no  shorts,  saturated  emission  >4.0  ma,  contact 
potential  >2.2  volts  and  Rp  <  350  ohms. 

An  acceptable  triode  has  no  shorts^  insulation  resistance  over  1.0 
megohm,  saturated  emission  greater  than  4.0  ma  and  contact  potential 
over  2.2  volts. 


RESISTOR  DEVELOPMEINT 


Tungsten  Film 

Vfork  was  continued,  d\aring  the  first  part  of  this  reporting  period, 
toward  the  development  of  tungsten  film  resistors.  Efforts  were  devoted 
to  the  formation  of  metallic  tungsten  resistive  elements  by  reducing  WO3 
films  which  had  been  deposited  on  the  ceramic  substrate. 

Two  methods  of  deposition  were  utilized.  In  the  first,  the  sub¬ 
strates  were  masked  as  usual  for  the  evaporation  process  and  positioned 
in  the  evaporation  fixture  A  O.O3O"  diameter  tungsten  wire  was  used  as 
the  source  of  WO3  by  resistance  heating  at  a  pressure  of  approximately 
10“^  torr.  The  temperature  of  the  wire  was  increased  until  WO3  vapor  or 
"smoke"  became  visible  in  the  bell  Jar,  then  held  at  this  temperature 
for  film  build-up.  In  each  test  run,  it  was  found  that  the  WO3  vapor  had 
diffused  between  the  mask  and  substrates  and  had  deposited,  to  some 
degree,  over  the  entire  substrate  surface.  The  deposited  film  was  quite 
soft,  fluffy  and  exhibited  very  poor  bonding  to  the  substrate.  The  weak 
bond  was  evidenced  by  stripping  of  the  film  during  removal  of  the  sub¬ 
strates  from  the  masks. 

Because  of  the  undesirable  film  and  bond  properties  and  the  problems 
involved  in  making  suitable  masks,  this  method  of  film  application  has 
not  been  pursued  vigorously, 

A  spray  technique  was  also  employed  Triiej*eby  WO3  powder  was  suspended 
in  amylacetate.  then  sprayed  onto  the  masked  substrates  using  a  conventional 
spray  gun.  Reasonably  defined  thin  films  were  realized  by  this  method: 
however,  when  thick  fllm.s  were  attempted^  the  deposit  tended  to  peel  away 
from  the  substrate  on  removal  from  the  mask. 

After  deposition  of  the  WO3  the  substrates  were  dried,  then  fired  in 
a  molybdenum  boat  in  a  line  hi'drogen  atmosphere  to  a  temperature  of  1250  C 


for  10  minutes  to  accomplish  reduction  of  the  WO3  to  metallic  tungsten. 

In  no  case  was  a  conductive  tungsten  film  achieved  with  a  practical 
thickness  of  WD3.  With  a  heavy  film  (approximately  O.OO5”),  continuity 
was  achieved  in  those  areas  which  did  not  peel  during  removal  from  the 
mask. 

Because  of  the  problem  of  line  definition,  the  film  thickness  neces¬ 
sary  for  useable  resistive  values,  poor  bonding  properties,  and  the  anti¬ 
cipated  problems  of  control  associated  with  the  reduction  process,  this 
approach  to  tungsten  film  resistors  has  been  dropped  from  the  present 
work  plan. 

Deposition  of  metallic  tungsten  resistive  films  on  ceramic  substrates 
by  thermal  decomposition  of  tungsten  hexacarbonyl  will  be  attempted  during 
the  next  quarter. 

Platinum  and  Rhoditun  Films 

Efforts  toward  deposition  of  platinum  and  rhodium  resistive  elements 
were  devoted  to  the  evaporation  method.  Tungsten  wire  (0.020"  diameter) 
was  used  as  the  heat  source  for  both  materials.  For  platinum  deposition, 
a  close  wound  helix  of  O.OO5"  platinum  wire  was  formed  on  the  t\ingsten  wire 
heat  source,  while  the  rhodium  source  was  prepared  by  plating  this  material 
over  the  tungsten  wire. 

Evaporation  was  accomplished  by  heating  in  vacuum  at  a  pressure  of 
less  than  10"^  torr  at  a  temperature  slightly  above  the  melting  i>olnts  of 
the  respective  materials. 

The  major  problem  encountered  with  these  materials  was  one  of  deposit¬ 
ing  sufficient  metal  to  produce  resistors  of  useable  values.  As  many  as 
three  sources  were  used  on  one  batch  of  substrates;  however,  the  lowest 
values  produced  in  finished  resistors  were  approximately  5OOK  ohms  at  58O  C 
for  platinum  and  two  megohms  at  58O  C  for  rhodium.  Values  within  each 
batch  ranged  from  those  stated  above  to  infinity.  The  resistance  change 
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with  temperature  was  negative  for  both  types  and  ranged  from  50  to  T5 
per  cent  from  room  temperature  to  5^0  C. 

Sixteen  platinum  film  units  ranging  from  5OOK  to  8<X)K  ohms  have 
been  prepared  for  life  test.  Values  for  rhodium  film  resistors  were 
so  high  and  scattered  that  It  was  felt  no  practical  data  could  be  obtain¬ 
ed  from  life  testing. 

Ground  Surface  Substrate  Resistors 

Several  batches  of  evaporated  carbon  film  resistors  were  made  utiliz¬ 
ing  ground  surface  OW-102  substrates.  This  resistor  is  shomi  in  Figure  26. 


RESISTOR  Will  GROUND  SURFACE  SUBSTRATE 


Fi£;ure  So 
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Here,  the  substrate  surface  on  vhich  the  resistive  element  is  deposited 
ws  ground  flat  using  a  120  grit  diamond  ^eel.  Clearance  between  the 
film  and  top  electrode  was  achieved  by  coining  this  electrode  to  fom  a 
recess  of  from  0.005"  to  O.OO6".  This  coined  electrode  is  shown  in  Figure 

27b. 

The  purpose  for  making  this  type  resistor  was  to' determine  if  there 
were  any  advantages  to  be  realized  in  depositing  the  resistive  film  on  a 
relatively  smooth  surface.  There  were  no  initial  differences  evident. 
Forty  units  have  been  put  on  life  test  at  ^SO  C  ambient  temperature. 
Sixteen  of  these  are  dissipating  approximately  0.25  'watts/unit  with  the 
remaining  2l4-  dissipating  approximately  0.1  watts/unit. 


Low  Capacitance  Resistor 

Approximately  75  evaporated  carbon  units  have  been  made  according 
to  the  design  shown  in  Figure  27a.  Tlie  top  electrode  is  the  coined  type 
shown  in  Figure  27b,  but  with  the  lug  removed.  The  bottom  electrodes 
are  shown  in  Figure  28.  These  tinits  were  designed  and  fabricated  in  an 
attempt  to  reduce  the  cajmcltance  from  that  inherent  in  the  standard  design 
and  which,  in  certain  applications,  is  prohibitive. 


-  -1  0.135"  -  - 

Figure  28 


-52- 


Terminals 

Lead-T!iru  to 
Bottom  Electrode 


Metallized  Contact 


Bae  following  table  shove  the  results  of  n^asurerarrats  made  on  (l) 
low  capacitance  types,  (2)  regular  pyrolytic  carbon  types,  and  (3)  regular 
evaporated  carbon  types.  Measurements  were  made  on  a  Type  250-A  Boonton 
RX  Meter  at  room  temperature. 

TABLE  7 

Capacitance  at  Various  p^quencies  for  Resistors 
of  Low  Capacitance  and  Regxi.lar  Design 


DC 

Design 

Fteslstanca 
at  560  C 

Cs-pacitance 

(PQ 

10  Me 

30  Me 

90  Me 

100  Me 

Low  Capaclta/ice 

13. 2K 

1-9 

1.8 

1.9 

2.1 

Low  Capacitance 

19. 8k 

1.8 

1.7 

1.7 

1.9 

Regular  Pyrolytic 

3. IK 

5.0 

5.0 

5A 

7.0 

Reguletr  Pyrolytic 

22. 3K 

5.6 

5.8 

6.0 

8.1 

Regular  ed 

3-3K 

5.3 

5.4 

5.7 

7.6 

Regular  Evaporated 

22 . 2K 

5.6 

5.8 

5.9 

7-8 

It  is  apparent  from  the  above  that  the  low  capacitance  design  has  de¬ 
creased  capacitance  by  approxirnotf^ly  6:'^  -  70^. 

Since  materJals,  processing  ar.i  element  design  remain  imchsu^iged,  it  is 
assumed  that  no  new  Lnicmatio.:i  would  be  derived  life  testing j  therefore, 

tests  of  this  nature  are  not  being  considered. 

Ceramic  Body  QW-129  as  Substrate  Material 

Twenty-sLx  evaporated  carbor.  film  r^jslstors  utilizing  OW-129  as  the  sub¬ 
strate  material  have  been  madeo  mterlal  is  very  similar  to  0W“102 

with  the  exception  that  the  oxide  ;jvrity  is  considerably  higher.  The  composl- 
t . lor,  1  i  - '  vi  th in  1 1  m i t r o ve r  ^  i  r  f  « ^ t  appl Icatlcn  filed  by  R.  H.  Bristow 
of  the  Pr-.«-:r  Departroect,  G'^neral  Electric  Ccmp’irX.yv  Schenectady.  New  York. 

The  act  verc  Lbricated  with  0W*,1C!^  and  0W-'129  substrates  in 

a‘i.''.ccn"  n.v.idcs  th^-vichc  .1  oe  ectirc  processing  ^cheiuIc. 


Sixteen  resistors 


from  each  substrate  lot  have  been  put  on  56O  C  ambient  life  test.  Life  test 
data  on  these  \mits  Is  not  available  at  this  tixas.  There  vrerrj  r':  noticeable 
differences  detected  in  initial  testing. 

Shock  and  Vibration 

Several  ijyrolytic  and  evaporated  carbon  resistors  have  been  delivered 
to  the  Testing  Laboratory  for  shook  and  vibration  evaluation,  as  equipment 
becomes  available.  No  rigid  apeoifieations  have  been  determined  as 

yet;  however,  it  is  anticipated  that  the  *  I’.ock  tests  will  be  conducted 
from  k-^0  ()00  G's  and  that  the  vibration  test  will  be  from  50  -  2000  cps 

at  10  -  15  G's. 

High  Value  Resistors 

A  considerable  amount  of  time  during  the  latter  part  of  this  period 
was  devoted  to  fabrxcatlng  470K  ohm  resistors  to  satisfy  circuitry  require- 
meiits  ft)r  the  dynamic  word  generator  display  unit  being  prepared  for  the 
contract  review  meeting  at  Wright  Tleld  January  I6,  I962. 

Carbon  Tllm  Life  Test  Resiilts 

Figure  29  shows  life  test  results  on  pyrolytic  and  evaporated  carbon 
lilm  resistors  for  5OCO  houc's.  resistance  values  were  chosen  such  that 

for  the  applied  voltage  the  load  dissipation  ranges  fi-om  0.25  to  0.4O  watts/ 
unit  .  Degradation  of  both  types  is  apparent.  The  total  change  in  the  py¬ 
rolytic  type  at  the  end  of  5000  hours  is  nseirly  14^  or  about  twice  that  In 
the  evaporated  units.  The  rate  of  charge,  however,  has  been  approximately 
the  same  for  both  types  sin'/e  5000  hours. 

Fha  e  "0  shows  Ilfs  te5t  results  to  4500  hours  for  pyrolytic  carbon 

'“i-'  c'.  -  operating  over  a  lo.'-.i  range  of  from  2.1  to  l.C  watt/unlt. 

.•  .  -he  i  aro  tvpe  cf  inf'rmation  for  evaj.oratsd  carbon  re- 

:  c  -hou:'  ivj.viO'".  Although  the  evap'O rated  units  have  been 
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LIFE  TEST 

PYROLYTIC  CARBON  FUJI  RESISTORS 
OPERATING  OVER  RANGE  OF  LOAD  LEVE] 


I 

o 

-p 

[0 
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TIME  (HOURS) 


LIFE  TEST 

EVAPORATED  CARBON  RESISTORS 
OPERATING  OVER  A  RANGE  OP  LOAD 


iTtNTfD  HlEd 


Time  (Hours) 


on  test  a  shorter  period  of  tine,  It  Is  apparent  from  the  data  that  the 
rate  of  resistance  change  with  tlire  increases  with  Increasing  applied  load 
for  both  type  resistors.  It  is  further  noted  that  the  change  in  the  units, 
operating  at  approxinately  half  watt  and  one  watt,  is  much  nrare  rapid  for 
the  pyrolytic  film  than  the  evaporated  carbon  film  resistors.  No  laoge 
differences  are  apparent  in  units  operating  at  0.1  and  0.2  watts  at  the 
end  of  1000  hours. 

It  is  postulated  that  the  increased  resistance  change  with  applied, 
load  may  be  due  to  the  higher  resistive  element  temperature  in  those  units 
operating  at  higher  loads.  Hhe  ambient  temperature  is  held  constant  at 
580  C;  however,  the  resistors  in  the  life  test  stack  will  be  at  some  temper¬ 
ature  above  this,  depending  upon  the  power  dissipated  in  the  stack. 

Since  the  TIMM  circuits  will  be  operating  at  a  module  temperature  of 
approximately  58O  C,  it  now  seems  apparent  that  resistors  should  be  life 
tested  with  the  con^jlete  stack  at  this  temperature.  This  would  dictate 
that  all  units  on  life  test  in  one  oven  be  operating  at  the  same  load  with 
the  furnace  temperatxire  adjusted  to  give  the  proper  stack  temperature. 

Another  approach  to  cooler  operation  of  the  resistive  element  would  be 
to  Increase  the  contact  area  between  the  element  and  the  ceramic  substrate. 
Masks  have  been  designed  and  ordered  for  producing  a  O.O^K)"  wide  element 
which  will  double  the  contact  area.  However,  with  double  the  contact  area 
for  a  given  resistance  value,  the  film  will  be  only  half  as  thick.  Because 
of  this  reduction  in  film  thickness,  the  sensitivity  of  the  monitoring 
i.yscem  w.  11  be  similarly  reduced.  Another  technique  under  consideration 
would  make  it  possible  to  retain  the  same  resistive  film  thickness  by  utlllz- 
tng  an  incit-a.-  d  path  length 
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Metal  Film  Life  Test  Results 


Figure  32  shows  58O  C  life  test  results  on  niehrome  and  molybdenum 
film  resistors  to  the  end  of  I500  hours.  Test  samples  consist  of  eight 
units  of  each  type  resistor  operating  at  approximately  ijk  watt/ unit. 

The  results  shown  for  molybdenum  resistive  films  were  from  units 
with  values  of  approximately  2.kK  ohms.  Ore  group  of  eight  molybdenum 
film  resistors,  with  values  of  apprcxiinataly  5  -  6K  ohms,  were  also  put 
on  life,  hov"-'-.  ,  ^.11  eight  units  failfej.  (discontinuity  of  the  resistive 
film)  between  z.ero  and  500  hours.  It  appears  this  may  be  the  same  type 
problem  encountered  with  nichroms  rssietors  having  values  above  a  few 
hundred  ohms,  where  electrical  discontinuity  developed  at  the  Jimcture 


of  the  element  and  terminal. 


VO  C\J  O  c\j 


MHO  md 


-61 


1500  2000  2500  3000 

TIME  (hours) 


CAPACITOR  DEVEI/’PMENT 


High  Teatperature  Coaductlvlty 

Stacked  ceramic  capacitors  (.005"  thick  OW-102  dielectric),  opera¬ 
ting  at  580  C,  have  shown  a  marked  increase  in  resistance  dviring  the 
application  of  the  200  volt  d-c  life  test  conditions.  The  change  in 
resistance  has  been  measrired  only  in  the  guarded  lead,  idiich  is  the 
positive  direction  of  the  d-c  applied.  The  increase  in  resistance  is 
frcm  a  range  of  10- 30  megohms  to  3000-5000  megohms.  At  the  same  time, 
resistanrr  the  negative  direction  may  be  approximately  the  same  as 
the  original  value  or  slightly  lower.  This  appears  to  be  a  low  fre¬ 
quency  phenomenon  related  to  the  apparent  very  drastic  change  in 
dielectric  constant  below  10  kc , 

In  the  pulse  shaper  network,  a  large  stack  capacitor  (300  pf)  was 
used  at  10  kc .  This  was  the  first  application  where  this  phenomenon 
introduced  losses  which  deformed  the  circuit  characteristic.  It  was 
first  thought  that  there  was  a  low  internal  resistance  in  the  capaci¬ 
tor,  but  later  experiments  point  to  a  rectifier  action  or  emf  generation 
at  the  titanium-ceramic  Interface. 

p 

The  temperature-res i stiv It y  characteristic  was  measured  on  P-PU' tn . 
sample  discs  of  O.05O"  thick  OW-102  ceramic  with  platinized  electrodes 
(fapont  Platinum  Bright'/.  Ihe  plot  of  conductivity  (^  )  versus  the  recip¬ 
rocal  of  absolute  temperature  (Figure  33)  is  nearly  a  straight  line  to 
the  iinrer  temperature  limit  of  the  test  equipsnent.  Examination  of  data 
:>  . -./m':; oted  on  a  r.urobe r  of  stacked,  sealed  units  shows  a  change  in  slope 
li  -c.iO-  oC  and  the  '  targe  ••  o  'iependent  on  the  previously  applied  volt- 
f  •  O'  ir.  s!"r.-  ’O’U  cates  a  cha.'iRe  in  activation  enertrv  and 

'!  ■  ■  .  i'dnction  m'' :  can ic-rr,  predominating  above  500  C. 
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A  series  of  tests  were  run  on  titanium  sealed  cersinic  using  a  stngjle, 
single  plate  capacitor  configuration  (shown  in  Figui-e  3*0-  Data  are  ccan- 
piled  In  'Pable  8  and  plotted  as  conductivity  )  versus  reciprocal  of 
absolute  temperature  (1/K°  x  10^)  in  Figures  35-38.  For  these  tests^ 
ceramic  compositions  OW-102,  OW-II6  and  OW-126  were  used.  Composition 
OW-II6  was  sealed  to  I6  per  cent  chrome  iron  electrodes  with  a  nickel- 
titanium  eutectic.  Ceramic  OW-126  is  the  same  body  as  OW-102  except  for 
the  addition  of  one  per  cent  TiOp  to  the  batch  composition.  Resistivity- 
temperature  measurements  were  made  at  5^  and  100  volts  d-c  In  both  the 
forward  and  reverse  direction,  The  data  are  plotted  as  conductivity  in 
curves  35-38. 

In  addition,  the  effect  of  other  materials  in  the  seal,  expecially 
copper,  was  studied.  A  definite  Increase  in  the  leakage  current  level 
resulted  in  every  case.  The  collection  of  these  data  are  incomplete  at 
this  time  but  will  be  included  in  the  next  report. 

The  increase  of  temperature  above  580  C,  coupled  with  the  application 
of  voltage,  causes  polarization  in  very  short  periods  of  time.  At  7OO  C 
and  300  volts  d-c  for  10  minutes,  a  marked  change  In  resistance  In  the 
positive  direction  is  noted.  The  difference  in  forward  and  reverse 
current,  with  voltage,  Is  shown  in  Figure  39*  On  the  same  curve  the 
forward  and  reverse  current  for  a  platinized  disc  is  plotted.  The  data 
show  that  the  resistance  or  leakage  current  approaches  the  value  noted 
lor  the  original  material  in  one  direction  and  diverges  in  the  opposite. 

It  was  observed  that  after  the  application  of  300  volts,  a  voltage 
•  .'uld  >  read  out  of  the  unit  well  beyond  the  normal  time  constant  of  the 
Vi,  1  to;  .  In  fact,  the  unit  can  be  shorted  or  loaded  for  periods  of 
w  I.  ..uiu  .  a  partial  reduction  of  the  voltage  is  noted.  Table  9  shows 
i  ■  magt;  •  t.  )de  L/f  this  voltage 
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TABLE  8  (Cont'd) 

OW-102  -  (No  Nickel)  Thickness  5  Mil  (0-005")  -  Single  Section 


rni  ^  ^  CM  CM  CM  c\  r-1  Q 


> 

o 

I 


I  I 

s  s 


.11 

o  o  o  o 

iH  H  rH  rH 


.H  H 
(  t 
O  O 
rH  f  H 


w  w  w  X  w 

CO  vO  On  Os  CO  CMI 

^  G  rHlACM^oa  CMCvJ 

HnscOfHCMr^oDcNji  H: 


f— »Hlr-iHHIrnHrHiO\ 

:  «  i  I  I  I  (  I 

CJ  O  O  o  O  Q  O  O  O 
rHrHirHrHiHrHHiHrH 


X 


X  X  H  X  X  X 


O  CO  cn 


S'8>4 


co  ao  Vi  \ 


H  iH  iH  <PO  \X^  •'-i  rH 


C 

V 

I 

o 


■0 

•H 

■P 

B 

TJ 

C 

O 

O 


iH 


a 


> 

o 

o 

H 


rnr^r^CNJCMOoCNHO 
rH  rH  rH  rH  HI  rHi  H  iH  H 

I  I  I  I  I  1  I  I  I 

q  o  o  q  p  o  o  o  o 

rH  rH  I — I  iH  iH  rH  rH  HI  H 

xxxxxxxxx 

On  UN  ^-sOlAsO 

-d’CNJmojco  ONc^oso 

H  rn  Crs  cvj  CM'  SO  iC^  H  H 


(^crNrriCNJrvjCM  HiHO 
iHl  rH  HI  Hi  iH  rH  H  rH  H 

I  I  I  1  0  I  a  I  ) 

O  O  Q  O  g  q  Q  Q  o 


H  rH  pH  H  « 


iH  rH  H  H 


O 

UN 

I 


xxxxxxxxx 

^  r-  CM  c- 

■Lr\CNji\o  Onco  cm  CO,  Onso 

»*  4  1. 

H  COk  C3  H  CM  XTv  H  CM  H 


cn,  rr\<YN,  cMCMCMcg  HO 
H  iH  rH  H  H  H  H  H  rH 

I  I  I  I  li  I  J  I  « 

Q  q  o  o.  o  o  o  o  o 

Hi  rH  iH  H  H  H  H  H 


H 

X 

vO 


X  X 


X  X  X  X  X  X 

VACO  ^ 


CO 


o 


lACM  OscAOn^CMSO  on 

4  •<  ««««•# 

HcACOcmcasOOnCM  H 


rH  0\  On  On  On  OO  oocOC^ 

•  t  II  i  I  3  £  I  1 

q  q  q  q  q  o  o  o  o 

rH  iiH  jrH  iH  rH  rH  rH  rH  iH 

xxxxxxxxx 

_  UNIA  VA 

CAHCNC^CMCMrHOctN 

UNH  CMIAOO  HANOO-^ 


H  Os  On  Os  'OO  co  co  co 


> 

£  3  £  E  C  3  1  C  ] 

OOOOOOOOO 

HHHHHHrHrHlHl 

4^ 

C 

8 

H 

:X  X  X  X  X!  X  X  X  X 

0 

vava  papajva 

H 

PA  rH  .A  On  O  O  sO 

o 

VA  rH  PA  HI  HI  CM  IC^  PA 

a 

K 

O  O 

Q 

tH  H  OsCNCKOsCOcO  C^ 

t  t  t  t  9  C  (  £  3 

OOOOOOOOO 

0 

HrHHrHHiHHHH 

XMXXXXXXX 


VAVA-Ur 

VA  -C 


LAVA 
CM  O 


CM 

O 

iH 

I 


CMCMHrHrHOOO 
fH  H  rH  rX  rH  H  H  On 

I  I  I  I  I  I  1  I  I 

ooooooooo 

rHHHHrHHHHp'H 

xxxxxxxxx 

HC^-:!  sO  C^^VA-ij- 

cAcaHoNOnO  c^vaca 

H  rA  rH  VA  t>-  H  H  PA  rH 


Q  q 

rH  rH  On 

3  I  I 

Q  Q 


a 

o 

•H 

B 

CO 


'H 


O 

o 


VA 

0> 

0 


^  rl 

s  a  31  I  I  i 

o  o  o  o  o  o 

H  H  rH  rH  H  H 


XXXXXXXXX 

HONONt^vDPA 

OVAOmO  O  pAOnC^vO 

HpAiH  HpAOSHpAiH 


CMCdCMrHHOOO 
pHrHrHiHrHrHrHfHOs 
r  :  I  1  3  3  t  I  t 

ooooooooo 

HHHHHHHHH 

xxxxxxxxx: 

PAPAC^OO  OsVAC*^ 

CM  O  O  PA-^  O  C^VAVA 

HpAOnVAC^H  HpAHI 


On  CO  CX5  CO  C^vQ  O 


\  1  I 

O  O'  o 
H  H  HI 


3  I  i  I  I  I 

o  o  o  o  o  o 

HI  rHl  HI  H.  Hi  iH 


AJ  VA  H  PA  LA  Os  CM  VA  PA 


X  X!  X  X  X  X  X  X  X 

VA  -^Vaco 

^  OA  ir^  U\  iH  Ov  iP—  CA  VA 

*•««'«»««« 

PA  HI  nO  iH  H  MD  H  VA 


Os  CO  CO  it^  sO  sO 

3  t  I  s  I  tt  a  I  I 
o  o  o  q  q  o  o  o  o 

HIHHHHHHf“iH 

XXXXXXXXX 

^  H  ^  Va 
c^cmHOncocvjcmcmco 

•  •  •  •  •  4  «  •  « 

-^H^HCM-^sO  H^ 


On,  Oncooococo  r-p-vo 

I  «  s  fi  :  I  I  a  I 

qqoqqqooo 

HHHHrHHHHH 

XXXXXXXIXX 

CM  VA\A  VA 

COHtONOVAVA^t--0 

H\0  HpAUnOspasOpa 


I 

t- 

VO 

I 


c 

VA 


LJ'  O 

H  iH  0\  O'.  C”^  CO  00  CO  I>- 

}  t  3  :  ;  :  I  s  c 

ooooooooo 

HrHHirHHHHHH 

XXXXXXXXX 


us. 

cc^ 


UA,  \f\  VA  US 
H  ,H  H  O  OO  -ct 


OnQncocO  C^CS-C^^-vjO 

II  J  a  :  ;  j  ;  I  I 

ooooooooo 

HHHHHHHHH 

XXXXXXXXX 

H  VA  VA  PA  PA 
OJ-cjsOvO  rAOsPvJ,^p- 

CMVaH  CvH  H  PAsO  cm 


Pk  O 

::  c 

O 


O  V.A  < 
PA  p  S  , 


PA  ru  O  vr\  88 

H  -fVA  UA  O 


O  O  ( 

O  VA  O  PA  P-  O  VA  O  O' 
c^\  c^\  ^  ^  -Zj  VTa  'u^  '>0  r— 


'  P  Q  .Q  p  Q 


TOO  c 


CONDUCTIVITY  (OEM-CM) 


COKDUCTIVITY  (OHM-Cf'l)" 


CONDUCT! VlTY-Tl«KPKRA'^n  n?E  RErjATIONGITlP 


ToTtinera  fcure 


u 

C_) 

CJ 

0 

0 

0 

0 

0 

0 

0 

m  ir\ 

0 

0 

0 

0 

h-  (O 

lO 

\ — 

VO 

in 

IPS 

I 

I  I  I  I  I  l| 


8  o  OW-126 

'p  □  OW-102  -  Nickel  Seal 

A  OW-116 

^  OW-102  -  Wo  Nickel 


\  \ 

W 

^  \\ 
\ 


iQ  ^ 

''n  x_ 


'Ox  1 

V  I 

\  s  i 

\  0  I 

II  \  \  ! 

I  \  ^ 

V  '  \ 

\  \  \ 

^  ^  "vl 

\.  \  0 

\  \  \ 

\  'v 

I 

i  \\  Ifl J 


Test-  rcprcscntod,=  vere  performed  on  Glngle  section  crpacitorr, 
with  .005'  or  .010"  cerairiic  dielectric.  [Test  voltage  wns  100' 
volte .  i  ! 


Figurej  37  f 

1.4  1.6  1.8 

TirCIPROCAL  ABS^  LUTE  TO-TERATURE  x  10' 


coNmcTivm  (ohm-cm) 


COiroUCTIVlTY-ina^KBATURE  RELATIONSHIP 


Current  -  Microamps 


CHANGE  IN  LEAKAGE  CUEEENT  WITH  POLARITY 
A.FTER  APPLICATION  OF  DC  VOLTAGE 


OW-102  Pt 


15-0 


Figure  39 


OW-102  T1  —  — — 
300V  DC  -  10  Min. 
TOO  C 
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Vo?.tn 


After  1  Minute 

10  Megohms 

1  Megohm 

100  Kilohm 

0W-1]£  -  Cu-Ti 

7  mv 

0.7  MV 

0.02  atv 

OW-116  -  Ni-Tl 

10  mv 

1.1  mv 

0.09  MV 

OW-102  -  Nl+Cu 

53  mv 

5.9  *v 

0.52  mv 

OW-102  -  Ni 

11  mv 

1.0  mv 

0 

OW-102  -  No  Ni 

16  mv 

l.U  MV 

0.02  mv 

After  70  Hours 

Not  Recharged 

OW-116  -  Cu-Ti 

li.9  aw 

0.5  MV 

0 

OW-116  -  Nl-Ti 

6.2  mv 

0.63  Mtv 

0.02  mv 

OW-102  -  Ni  Cu 

3*1.0  mv 

4.1  MV 

0.4  MV 

OW-102  -  Ni“ 

6.7  mv 

0.6  MV 

0.07  mv 

OW-102  -  No  Ni 

10.0  mv 

1.0  MV 

0.09  MV 

TABLE  9 

Theraally  Induced  Voltage-Tiae  Relationship 
for  Capacitor  Test  Samples  Under  Varyixig  Load 


The  70  hour  readings  Indicate  that  tlBe  effects  generally  do  not  elimi¬ 
nate  the  thermally  Induced  voltages,  hovever  a  reduction  does  occur.  A 
comparison  of  insulation  resistance  versus  the-  magnitude  of  this  volt¬ 
age  is  represented  in  Table  10. 


Material 

Insulation 

ResistEmce 

Voltage  Under 

10  Megohm  Load 

Voltage  Under 
1  Megohm  Load 

OW-102  - 

Ni-Cu 

63  Megohms 

40.0  mv 

5.6  MV 

OW-102  - 

Mo-Cu 

128  MegohMS 

22.0  MV 

2.1  mv 

OW-116  - 

Cu-Ti 

361  MegohMS 

11.0  MV 

1.4  mv 

OW-102  - 

No  Ni 

365  MegohMS 

10.0  MV 

1.0  mv 

OW-102  - 

Ni 

550  MegohMS 

6.7  MV 

0.6  mv 

OW-116  - 

Ni-Ti 

557  MegohMS 

6.0  MV 

0.8  mv 

TABLE  10 

Relationship  Between  Thermally  Induced  Voltage  and  Insu¬ 
lation  Resistance  for  Capacitor  Test  Samples  Under  Load 


The  reversibility  of  the  induced  voltage  was  measured  by  several 
techniques.  Figure  40  shows  typical  discharge  curves  for  a  unit  which 
has  been  subjected  to  a  100  volt  d-c  charge.  The  unit  was  recharged  to 
10.0  volts  positive  and  negative  and  the  discharge  voltage  measxired  with 
time.  The  curves  show  that  a  negative  voltage  (approximately  50  mlUivolts) 
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TYPICAL  DIGdlAKGK  PlIK^OfffiNA 
STACKED  CERAMIC  CAPACITOR  AFTT-JR  DEPOLARIZATION 


Volts 

Positive 


Volts 

Negative 


Figure  40 
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Is  the  final  discharge  state.  Further  testing  indicated  this  value 
could  be  reversed  by  polarizing  the  unit  in  the  opposite  direction  for 
a  period  of  tine  at  a  voltage  level  equivalent  to  the  original  polar¬ 
izing  voltage. 

A  number  of  tests  were  made  to  measure  the  temperature  dependence 
reversibility.  The  results  are  shown  in  Figure  4i.  Prom  this  curve  it 
is  apparent  that  ceramic  body  OW-II6  with  chrome  iron  electrodes  does 
not  exhibit  the  same  degree  of  voltage  output  as  the  titanium  electroded 
materials  OW  102,  OW-126  and  OW-125  (OW-102  with  Vf>  Ta205). 

Polarization 

Each  of  the  ceramic  bodies  used  in  this  program  has  exhibited  a 
polarization  phenomenon.  The  application  of  a  voltage  for  a  short  time 
period  results  in  the  reflection  of  this  voltage  from  the  device  after 
the  applied  potential  has  been  removed.  In  addition^  reapplying  the 
voltage  with  the  polarity  reversed  is  usually  sufficient  to  reverse  the 
direction  of  the  polarization.  Qhis  polarization  is  not  apparent 
below  300  G.  Several  of  the  materials  have  been  found  to  spontaneously 
polarize  from  an  untested,  unpolarized  state  to  a  low  field  state  by 
raising  the  temperature  of  the  sample  above  400  C. 

Attempts  have  been  made  to  obtain  visual  indications  of  an  oi)en 
hysteresis  loop  using  oscillographic  methods.  So  far  the  methods  have 
not  been  too  reliable.  Open  loops  have  been  obtained  but  a  satiiration 
effect  was  not  observed.  This  was  possible  due  to  inadequate  output 
power  from  the  signal  soTorce. 

Point  by  point  representation  of  data  taken  over  longer  time  periods 
provided  ti  •’urvcs  represented  in  Figure  42.  The  technique  used  was  that 
of  reading  an  output  current  from  the  device  one  minut*,*  after  the  charging 
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?0T5WriAL  DI*;VKT/)PHD  AT  TEMPER^TU!>E 
TOR  DJFFmm!  POLARIZATION  LEVELS 


Figure  Ul 


-p 

e 


c 


(  s^TOatxITi^)  parncooW 
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voltage  had  been  removed.  The  circuit  waa  essentially  as  represented 
below: 


The  test  capacitor  was  charged  for  one  minute ,  then  removed  from  the 
voltage  source  and  connected  to  the  Keithley  Model  4l0  micromicroammeter 
where  the  current  was  read  after  one  minute  of  discharge.  A  value  of 
residual  voltage  can  be  calculated  from  this  using  the  value  of  the  input 
Impedance  of  the  test  Instrument.  Since  changing  the  ranges  also  changes 
the  value  of  the  input  impedance ^  this  method  also  introduces  some  slight 
error.  This  test  is  to  be  continued  using  a  high  Impedance  voltmeter. 

Table  11  below  lists  the  test  units  which  were  made  during  this 
period  for  study  of  insulation  properties. 


Ceramic 

Number 

Type  of 

Type  of 

Amount 

Amo^mt 

Body 

Thickness 

Sections 

Seal 

Electrodes 

Made 

Tested 

OW-102 

.005" 

1 

Nlckle 

Ti 

10 

2 

.005" 

1 

Heat  & 

Tl 

13 

5 

Pressure 

.005" 

1 

Cu-Ti 

Ni 

4 

4 

.005" 

1 

Ti 

Ni 

4 

4 

.  010^^ 

1 

Ni 

Ti 

1 

1 

.010'' 

1 

Mo-Cu 

Tl 

6 

6 

OW-116 

.005" 

1 

Ni-Ti 

430  Stainless  9 

3 

.005" 

1 

Cu-Ti 

It 

9 

1 

OW-125 

.010" 

1 

Ni 

Ti 

9 

4 

(1^  Ta205 

)  .010" 

1 

Ni+Cu 

Tl 

2 

2 

OW-102 

,005 

5 

Ni 

Ti 

0 

2  ( from  stock ) 

0w-12o 

.  005 

1 

Ni 

Ti 

5 

3 

Ti02) 

.010" 

1 

Ni 

Ti 

6 

4 

.010" 

1 

Ni+Cu 

Ti 

1 

1 

TABLE  11 

Description  of  Amount 

Qnd  Types  of 

*  Capacitor 

Samples 

Made  and  Tested  for  Study  of  Insulation  Properties 
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Dielectric  Constant 


As  previously  reported,  there  is  a  rapid  change  in  measured  capac¬ 
ity  as  the  test  frequency  is  reduced  below  20  kc.  The  readings  vary 
only  slightly  (3-5%)  between  1  ac  and  20  kc.  l%e  readings  taken  on 
five  units  currently  on  life  test  revealed  the  following  changes  idien 
tested  at  1.0  kc: 

Dielectric  Material  Capacity  in  pf  at  1  Me  Capacity  in  pf  at  1  Kc 


ow-116 

64 

104 

OW-120 

151 

246 

OW-125 

151 

277 

OW-126 

25 

80 

Mica 

825 

1100 

The  wide  variation  of  capacity  for  OW-126  was  not  unexpected.  This 
ceraalc  body  has  been  doped  with  1^  titania  (Ti02).  The  increase  noted 
for  the  other  ceramic  bodies  is  also  explainable,  but  the  increase  in 
capacitance  of  the  mica  insulated  sample  was  an  unexpected  result.  Effort 
is  being  directed  toward  discovering  an  explanation  for  this  phenomenon. 
New  Variable  Capacitor  Design 

Another  variable  capacitor  design  has  been  completed  and  units  have 
been  made  and  tested.  Figure  h3A  shows  the  construction  details.  Four 
of  these  units  have  been  constructed  to  date.  The  two  Initial  samples 
were  not  completely  successful  due  to  the  fluidity  of  the  active  seal 
materials  which  produced  larger  effective  electrode  areas  and  a  resulting 
reduction  in  capacitance  variability.  The  last  two  were  constructed  with 
more  care  and  with  slightly  lower  sealing  tem^ratures.  These  eichlbited 
a  capacitance  range  of  from  3-6  pf  to  17  pf.  This  can  be  extended  by 
iduludlng  additional  sections.  Effort  is  now  being  directed  toward  a 
claniplrig  d>  ..ice  which  will  render  the  stack  immovable  at  a  desired  setting, 
yet  which  can  be  readily  released  for  necessary  eui justments .  Two  designs 
have  been  proposed  but  have  not  been  tested. 
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TITANIUM  DISK 


TIMM  VARIABLE  CAPACITOR 


Hew  Stacked  Capacitor  Design 


During  materials  investigations,  the  number  of  electrode  materials 
which  could  be  evaluated  was  limited  by  the  necessity  of  a  matching 
coefficient  of  thermal  expansion  of  metal  and  dielectric.  A  new  design 
was  proposed  and  four  samples  were  made.  This  design  is  represented 
in  Figure  43B.  Two  of  these  vinlts  shorted  during  sealing  due  to  fluidity 
of  seal  materials,  and  one  cracked  open  due  to  a  sealing  temperature 
irtiich  was  too  low.  Greater  care  is  required  to  construct  and  handle  this 
model  since  the  physical  strength  of  a  large  stack  is  less  than  the 
original  design.  The  reduction  in  metallic  cross-section  may  prove  to 
be  an  advantage  at  a  later  date.  Fabrication  of  this  type  \init  will 
continue  only  for  evaluation  of  materials. 

Conclusions 


1.  Ti02  may  prove  to  be  the  cause  of  changes  in  capacitor  charac¬ 
teristics  and  the  source  of  emf  in  stacked  capacitors  at  58O  C. 
The  use  of  the  new  caj)acitor  design  to  eliminate  titanium  in 
all  forms  is  one  approach,  neutralization  of  the  concentration 
cell  is  another. 

2.  Conductivity  data  has  provided  strong  support  for  the  OW-II6 
ceramic  body  as  being  comparable  to  OW-102  in  insulation  resis¬ 
tance  and  conductivity.  It  has  a  further  advantage  in  improved 
dissipation  factor.  The  dielectric  constant  however  is  lower 
than  OW-102. 

3.  The  new  variable  capacitor  design  is  more  easily  constructed  and 
may  show  advantages  in  dielectric  strength  and  versatility. 
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INDUCTOR  DEVELOrMENT 


A  test  unit  has  been  designed  for  investigating  various  types  of  con¬ 
ductor  winding  wire  and  vindi.ng  wire  insulation.  The  mit  consists  of  a 
ceramic  spool  around  which  a  simple  solenoid  inductor  may  be  wound.  Pre¬ 
liminary  units  were  fabricated  using  available  dies  to  form  the  ceramic 
spool;  and, since  elaborate  wire  winding  eq.uipiiient  was  not  available,  the 
solenoids  were  wound  by  hand.  The  spool  configuration  is  shown  in  Figure 


44. 


.020"  Dia. 
Hole 


Inductor  -  Ceramic  Spool  Coil  Form 
Figure  44 


Copper  wire,  0.010"  and  0.013"  diameter,  insulated  with  varnish  insula¬ 
tion  (lOrmax)  was  used  as  conductor  wire  material  to  aid  in  determining 
optimum  dimensions  for  the  spool.  Rocm  temperature  test  data,  shown  in 
Figure  45,  was  taken  on  these  preliminary  units  at  a  frequency  of  30  mega¬ 
cycles. 

Spool  and  Coil  Assembly 

Materials  used  for  fabricating  units  for  the  TIMM  environment  were  OW-6 
ceramic  composition  for  the  spool  configuration  and  commercieJ.  copper  magnet 
wire,  having  an  unfired  ceramic,  resin-bonded  insuilation  (Secon  wlre-Secon 
Ti)  for  thp  conductor  vxr.ding  wire.  The  process  of  fabricating  test  units 
was  as  follows; 


Fire  ceram.Lc  sp.">cl  at  1100  C  for  approximately  10  minutes  to 
I'-iii!  off  ox'gELilic  materials. 
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2.  Wind  copper  magnet  wire,  with  Seeon  D  insulation.,  to  the 
desixed  number  of  turns  by  hand. 

3.  Mature  Secon  D  insvilation  at  approximately  8OO  C,  in  air, 
for  10  minutes,  nhis  sets  the  insulation  and  bums  away 
the  Teflon  o-verlay. 

A  number  of  units  were  fabricated  according  to  the  above  procedure 
and  tested  for  inductsmce  and  Q  over  a  tei^perature  range  from  room  temper¬ 
ature  to  580  C,  and  a  frequency  of  30.O  megacycles.  Data  shown  in  Figure 
k6  is  for  0.010"  diameter  wire  wound  to  10,  14  and  20  turns. 

Encapsulation 

First  attempts  to  enclose  the  ceramic  spool  and  conductor  wire  assembly 
utilized  an  OW-6  ceramic  cylinder  into  which  the  a8seniib3y  would  be  placed 
and  subsequently  sealed  with  a  titanium  electrode  and  nickel-eutectic  seal. 
Due  to  the  lower  eutectic  temperature  of  the  copper-titanim,  the  ends  of 
the  conductor  wire,  where  connection  is  mads  to  the  titanium  electrode, 
melted  away  during  the  higher  temperatures  involved  with  effecting  the 
nickel- titanium  seal. 

To  eliminate  this  problem,  a  ceramic  composition  OW-II6  cylinder  was 
used  having  ends  metallized  by  a  molybdate  metallizing  process.  Telemet 
material,  0.020"  thick  with  a  0.0025"  copper  cladding  on  each  slde^was  xised 
for  the  end  electredes.  The  thermal  exjyanslon  of  copper-clad  telemet  matches 
the  thermal  expeuaslon  of  OW-II6  ceramic.  Sealing  of  the  unit  was  achieved 
by  using  a  nickel-copper-gold  (Nicoro  #80)  brazing  alloy  having  a  liquidua 
temperature  at  925  C.  The  seeLL  is  vacuum  tight  but  appears  to  be  weaker 
than  the  nickel- titanium  seal. 

The  processing  schedule  for  metallizing  and  sealing  was  as  follows: 

1.  Fire  ceramic  at  1100  C  for  10  minutes  to  burn  off  organic 
materials . 

2.  Dip  ceramic  cylinder  (ends  only)  into  the  metallizing  material, 
allow  to  dry  under  heat  lamp. 


-85- 


3.  Place  ceramic  cylinder  into  mol\’-  boat  and  fire  in  hydrogen 
furnace  at  elevated  temperature  for  10  minutes. 

4.  Copper  plate  moly-coated  cylinder  ends  foi-  5  minutes  at  2.0  amps. 

5.  Hydrogen  fire  again  at  elevated  temperature. 

Electrode  &  Shim  Material 

1.  Degrease  in  trichloroethylene  -  dry. 

2.  Degrease  in  methanol  -  dry. 

3.  Fire  electrodes  it.  vacuvun  -  5  minutes. 

k.  Fire  shims  in  hydrogen  -  ,600  C  for  5  minutes. 

5-  '/eld  shims  to  electrodes  using  moly. 

Alignment  &  Sealing 

The  alignment  eind  sealing  fixtures  used  for  resistors,  described  in 
Interim  Engineering  Report  #1  and  shown  in  Figure  3^  of  that  report,  are 
also  used  for  stacking  and  aligning  Inductor  units.  Seq,uential  steps  are 
as  follows; 

l.  Stack  component  parts  into  sealing  jig  using  ceramic  spacers 
between  complete  units. 

2.  Place  loaded  jig  into  oven  in  vacuum  system  and  pump  to 
<  1  X  10“^  torr. 

3.  Seal  at  925  C  for  2.0  minutes. 

Testing 

The  testing  of  encapsulated  coils  pi'esents  the  problem  of  affixing  test 
leads  to  extend  into  the  furnace.  In  preparing  coils  for  test,  the  follow¬ 
ing  procedures  weie  used; 

1.  Copper  test  leads  (4  3/8"  long)  were  brazed  to  each  electrode. 

Leads  were  braced  rather  than  welded  to  prevent  any  high  re¬ 
sistance  at  30  megacycles. 

2.  Tlie  test  leads  were  threB.ded  throxagh  a  piece  of  two-hole 
ccvqjnlc  tubing  for  separation  and  to  keep  characteristics 

'  '■  leads  th';  same  from  test  coil  to  test  coil. 

The  equjp  c-nt  u.sed  for  evaluating  the  coils  was  a  Boonton  Radio  Corpo- 
/  .  •:  .  .•••  If  an;i  n  small  helical  wound  furnace  that  can  be  placed  over  the 

coil  to  be  checked. 
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Data  showing  characterlst i of  the  coils  before  and  after  encapsula¬ 
tion  are  included  in  Figure  h7  It  is  difficult  at  this  time,  using  the 
test  procedure  described  above ^  to  determine  accuracy  and  validity  of  the 
data  taken  on  the  coils.  A  study  is  currently  being  made  to  determine 
optimum  test  and  measuring  conditions  for  evaluating  inductance  and  Q  of 
these  units . 

Ceramic  Circuit  Board  labrlcation 

A  die  has  been  designed  to  fabricate  ceramic  circuit  boards  for  the 
10-bit  shift  register  circuitry.  At  the  present  time  the  boards  have  a 
finished- fired  dimension  of  3*1^5"  x  3 •145"  x  0.060"  thick.  The  ceramic 
composition,  OW-102,  is  pressed  at  maximum  pressure  using  the  15-ton 
Denison  press.  The  boau’d  size  shown  above  is  the  maximiun  recommended  at 
this  time,  using  available  equipment,  since  shrinkage  on  the  fired  part 
is  running  22.5  per  cent.  If  a  larger  die  were  used,  shrinkage  would  in¬ 
crease,  making  dimensions  on  the  finished  fired  board  difficult  to  hold 
within  reasonable  tolerances. 

To  provide  versatility  for  circuit  design  work,  the  board  is  pressed, 
partially  fired,  and  then  geometrically  disciplined  holes  are  drilled  to 
accommodate  tlie  desired  components.  This  board  configuration  is  shown  in 
Figure  48. 
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Inductance  &  Q  Vs  Tengserature 
Inductors  Before  and  After  Encapsulation 


Terqjerature  *^0 


CIRCUIT  DEVB^JOP^^E^iT 


Half  Adder 

During  the  final  design  stage  of  the  Initially  selected  half  adder 
circuitry,  a  siisplified  logic  diagram,  utilizing  fewer  components  and  cir¬ 
cuits^  vas  evaluated  and  found  to  perform  satisfactorily.  This  resulted 
in  a  decrease  in  physical  module  size  and  an  increase  in  circuit  perfom- 
ange.  The  new  logic  is  shown  below  in  Figure  49* 

Logic 

B  AB  +  M 

0  0  1 

10  1 

11  0 

0  0  0 


Half  Adder  Circuit  Logic  Diagram 
Figure  k9 

Since  this  logic  diagram  employs  essentially  the  same  type  circtiits  used  pre¬ 
viously,  the  same  design  procedures  apply.  The  two  Nor  circuits  will  be 
those  designed  previously;  the  And  circuit  resistors  will  have  to  be  altered 
slightly  as  the  circuit  now  operates  Into  a  slightly  different  load.  The 
entire  circuit  was  designed,  breadboarded,  emd  optimized.  During  the  process, 
it  vas  found  that  by  making  the  grid  resistors  of  the  two  Nor  circiiits  lOK 
ohnSj  the  rlL-e  times  of  the  output  pulses  improved;  also  by  adding  a  sp^‘.:dup 
ca^‘acitor  the  output  diodes  of  the  uriving  Nor  circuit,  the  rise  times 

again  improved.  To  make  the  two  output  circuits  congjaticle,  both  the  output 
Fc  '  iv.-x  And  circuits  were  designed  to  work  into  a  ohm  load.  The  circuit 
'!t>  shown  below  in  Figure  50. 


AB  +  BA 


AB 


1 

0 

1 

0 
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Rise  times  of  the  pulses  out  of  the  Sum  portion  of  the  circuit  were  between 
0.2  and  0*3  microseconds  while  the  rise  times  of  the  pulses  out  of  the 
Carry  portion  approached  0.025  micrcseconds.  Maximum  pulse  anrplitudes 
occurred  when  the  plate  voltage  was  11.4  volts;  the  total  circuit  current 
at  this  time  was  4.4  milliamps-  The  results  au:^  shown  in  the  photographs 
of  Figure  51* 

The  de.sign  work  for  ^Itiorlng  components  properly  placing  compo¬ 
nent  li:gs  for  interconnecting  the  entire  half  adder  circuit  was  completed 
during  the  period.  IiiitJ.ally  components  having  all  tangential  lugs  were 
plaruiei,.  Farther  stu-iies^  conducted  toward  the  end  of  the  report  period, 
uic  i  tangential  plus  radial  log  configurations  to  be  more  advantageous 
■  -rj  t c CO t nr  o ’  i / : 1 1: .ra : ■  i ng  the  c: i u.l. t  with  a  c e ramie  b o ar d .  The 
.'a 'Out  :  .r  i-ci'iiK^n.ent  placement  eund  lug  positlonir.g  will  be  reworked  in  the 
.3  ..  •  T-.  ir(-A.r»>orai :!  bo*h  tyj^e  lug  configurations. 


portion  of  a  sine  wave  was  utilized;  since  it  was  assumed  that  the  pulse 
was  already  anrplifled,  a  pulse  of  sufficient  amplitude  was  chosen. 

A  minimum  amount  of  circuitry  being  desirable,  a  Schmitt  Trigger, shown 
below  in  Figure  ^2,  was  chosen  to  perform  this  reshaping  operation. 


This  circuit  functions  in  the  following  marmero  Assume  that  T2  is  con¬ 
ducting  and  a  bias  voltage  has  been  developed  across  Rk  of  sufficient  magni¬ 
tude  that  T1  is  cut  off.  As  a  result,  eo  is  at  a  minimum.  I^ov  suppose 
the  distorted  pulse  enters  the  grid  of  Tl.  As  the  pulse  rises,  a  point 
will  be  reached  where  the  bias  on  Tl  is  overcome  and  Tl  will  begin  to  con¬ 
duct.  When  this  happens,  the  grid  of  T2  wiU.  become  less  positive  and  T2 
will  draw  less  plate  current;  immediately  the  bias  across  the  ccmmon  cathode 
resistor  Hk  will  decrease  causirig  Tl  to  conduct  more  vigoix'usly  and  the 
whole  process  to  continue  until  T2  is  cut  off.  As  the  pulse  begins  to  de¬ 
crease  in  amplitude,  another  point  will  be  reached  where  the  pulse  will  cut 
off  Tl  and  cause  T2  to  conduct.  If  the  output  (cq)  of  T2  is  noted,  it  can 
be  seen  that  eo  will  rise  sharply  to  some  level,  while  T2  is  initially 
cut  off  and  remain  at  this  level  until  Tl  is  cut  off.  At  this  time,  Cq  will 
decrease  sharply  to  the  original  level.  As  a  result,  a  sq^oare  pulse  is 
obtained  e.t  the  plate  of  T2  as  ec*  The  duration  of  this  pulse  will  be  very 


close  to  the  duration  betveen  the  tvo  points  on  tjic:  distorted  pulse  that 
caused  T1  to  conduct  and  then  cut  off. 

In  order  to  obtain  good  rise  and  fall  times  on  the  output  pulse  (eo}^ 
tubes  having  large  ciirrent  changes  for  small  changes  In  bias  voltage  must 
be  utilized.  As  a  result,  most  of  the  Schmitt  Trigger  circuits  using  tubes 
will  use  pentodes. 

Uie  Schmitt  Trigger  circuit  vras  atteirgjted  using  low  voltage  trlodes  in 
order  to  conform  to  the  low  plate  supply  voltage  required  for  other  TIMM 
computer  circuitry.  Square  output  pulses  were  obtained;  however,  the  rise 
and  fall  times  could  not  be  classified  as  good.  The  piilses  could  be  im¬ 
proved  with  additional  circuitry.  The  possibility  of  utilizing  this 
approach  is  being  considered. 

R.F.  Amplifier 

Preliminary  circuit  work  at  30  megacycles  was  initiated  on  the  r-f 
amplifier  circuit.  At  this  frequency,  circuit  components,  such  as  conduc¬ 
tors  and  capacitors,  can  have  fairly  small  values.  Since  this  frequency 
was  selected,  an  amplifier  circuit  of  the  grounded  grid  variety  was  chosen 
to  eliminate  the  need  of  neutralization.  The  circuit  is  shown  in  Plgure  53* 

C 


Figure  53 

In  order  to  determine  the  values  of  inductors  and  capacitors  needed  in 
Ihe  input  and  output  resonant  tank  circuits,  the  interelectrode  capacitances 
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of  TIMM  trlodes  must  be  kr.own  since  r^hnsfi  capacit-  .cer,  are  in  parallel  vith 
the  tank  circuit  capacities.  Tsrelve  Tl^ll  triodes  were  obtained;  six  were 
of  the  type  that  utilized  0.003"  and  0.050"  grid  mesh,  the  other  six  trlodes 
employed  0.007"  x  0,007"  grid  mesh.  IPr  each  of  the  two  groups  of  trlodes, 
two  low  mu,  two  medliua  mu,  and  two  high  mu  types  were  chosen.  The  inter¬ 
electrode  capacitances  of  the  triodes  were  measured  using  the  Wayne  Kerr 
ytodel  501  R.F.  Bridge,  the  General  Radio  1330A  oscillator,  and  the  Hewlett 
Packard  Model  400  C  voltmeter.  The  procedure  used  is  described  on  page 
76  of  the  First  Quarterly  Report  tmder  Capacitor  Electrical  ^feasu^ements,• 
all  measurements  were  made  at  one  megacycle  with  the  trlodes  at  58O  C 
unless  otherwise  specified.  Data  from  these  measurements  are  shown  in  Table 
12. 


Group  A  -  0.007"  X  0.007"  Grid  Mesh  Trlodes 

Capacitances 


(gk) 

(gp) 

(Pf) 

Triode 

Mu 

gm 

grid  to 

grid  to 

plate  to 

Number 

itii 

(micromhos)  cathode 

plate 

cathode  (pk) 

^33h 

4.0 

1030 

6.2 

4.6 

0.40 

4202 

5.4 

1250 

5.3 

5.2 

- 

4256 

7.0 

l460 

5-5 

5-3 

4269 

7.7 

1620 

5-1 

4.7 

- 

25°c  4.5 

4.1 

- 

^393 

9.0 

1390 

5.2 

4.9 

k2k6 

10.0 

1810 

4.7 

It. 4 

- 

Group  B 

^  0.0<:3" 

X  O.O5O"  Grid 

Mesh  Triodes 

5079 

20 

2440 

6.3 

5.3 

5080 

24 

2500 

7.3 

6.5 

0.31 

27 

3000 

6.3 

5-9 

* 

48l8 

28 

3600 

5.8 

5.7 

- 

87 

36 

3960 

7.0 

5.8 

Ji  Kn  n 
■-rv.»_L  y 

'^3 

3050 

6.0 

5.7 

- 

■mBLK  12 

yrom  the  preceding  data,  it  can  be  seen  that  only  one  measurement  of  plate 
i.aLac'dc  capacitance  was  made,  in  each  group.  This  measurement  Is  only  an 
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approximate  value  due  to  limitations  of  the  test  equipment.  To  measure 
cai)acitance  of  such  small  magnitude,  a  more  elaborate  setup  will  have  to 
he  utilized;  this  will  be  done  in  the  neetr  future. 

Inductors  are  required  for  each  of  the  tank  circuits  In  the  antplifier. 
Since  these  inductors  will  be  utilized  at  580  C,  it  is  reasonable  to  as¬ 
sume  that  the  unloaded  Q's  of  the  conductors  will  be  lower  at  this  elevated 
temperature  than  at  25  C.  The  resistance  of  a  good  conductive  wire  will 
increase  as  temperature  increases  and  Q  will  vary  inversely  as  the  resistance 
of  the  wire.  Anticipating  TIMM  inductors  to  have  unloaded  Q's  of  approxi¬ 
mately  50,  copper  inductors  were  wound  simulating  these  values.  These 
units  will  be  used  external  to  the  TIMM  environment  for  preliminary  circuit 
work. 

On  the  schematic  diagram  of  the  grounded-grid  amplifier,  Figure  53  ^  there 
eure  two  capacitors  labeled  C.  These  capacitors  need  only  be  large  enoi^gh 
to  offer  a  small  reactance  to  the  operating  frequency;  one  capacitor  is  the 
input,  the  other  a  by-pass  capacitor.  Triode  (Tl)  is  a  higher  voltage 
triode  than  used  in  all  previous  circuit  work  and  can  be  utilized  with  plate 
voltages  greater  than  100  volts.  The  input  signal  (ei),  approximately  30 
megacycles,  will  have  an  HMS  voltage  of  1.4  volts.  The  following  dato  were 
recorded  for  various  Inductance -capacitance  combinations  on  the  input  and 
output  tank  circuits.  All  circuitry  was  external  to  the  58O  C  environment 
except  the  triode. 


•so 


Ebb 

ib 

Ll 

Cl 

le 

C2 

(RMS 

Gain 

(ma) 

(m1i) 

(pf) 

(Mh) 

(pf) 

volts) 

(db) 

75.0 

3.0 

0.55 

57 

0.55 

47 

7-5 

14.0 

70.0 

5.0 

0.55 

67 

0.3B 

47 

15.0 

20.0 

90.0 

2.5 

o.5o 

67 

0.38 

33 

15-0 

20.0 

At  30  megacycles,  the  reacteuice  of  the  above  inductor.?  is  small.  As  a  re¬ 
sult,  low  impedances  are  presented  to  the  triode.  If  larger  impedances  could 
be  presented  to  the  triode,  the  gain  should  increase  since  the  gain  of  an 
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ang>31fler  varies  directly  as  the  plate  load  inrpedance  within  reasonable  limits. 
Slightly  larger  liqpedance  value  inductors  are  being  obtained, 

ITo  increeise  knowledge  of  TIMM  triode  circuit  performance^  it  was  decided 
to  conduct  a  frequency  response  test.  A  standard  RC  aniplifier  was  built 
using  TIMM  triode  ^009  in  conjunction  with  standard  components  to  function 
outside  the  TIMM  environment.  The  circuit  schematic  diagram,  triode  char¬ 
acteristic  and  circuit  data  are  shown  below  in  Figu3re  5^  and  Table  13.  A 
constant  input  voltage  (ei)  of  I.5  volts  RMS  was  maintained  over  the  recorded 
frequency  range.  With  a  plate  voltage  of  8O.O  volts  applied,  the  triode 
current  was  1.5  miUiaiiiperes. 


Figure  5^ 

R.C.  Amplii'ier  Scheinatic 
and  Triode  Plate  Family 
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Frequency 

®o 

Gain 

(a©  Volta) 

0.14  kc 

4.1 

8.7 

0.25  lie 

6.3 

12.5 

0.50  kc 

9.1 

15. T 

1.00  kc 

11.0 

17.4 

5.00  kc 

11.0 

17.4 

10.00  kc 

u.o 

17.4 

50.00  kc 

10.7 

17.1 

0.10  Me 

10.6 

17.0 

0.50  Me 

10.2 

16.7 

1.0  MC 

10.1 

16.5 

1.5  Me 

9.5 

16.0 

2.0  Me 

8.9 

15.5 

5.0  Me 

5.2 

10.8 

10.0  Me 

2.9 

5.7 

R,C.  Amplifier 
Circuit  Data 


TABLE  13 


A  graph  of  the  recorded  data  is  shown  in  Hgure  55* 


pBCillator 

As  with  the  BF  aaplifior,  a  frequency  of  30.0  megacycles  was  chosen 
for  preliminary  oscillator  circuit  worh.  A  Colpitts  oscillator  circuit  was 
chosen  to  eliminate  tapping  the  circuit  Inductor.  The  schematic  diagram 
for  the  Colpitts  oscillator  circuit  is  shown  in  figure  56. 


As  in  other  preliminary  circuit  work^  the  only  TIMM  conponent  that  will 
he  utilized  will  he  the  triodej  all  other  circuitry  will  he  external  to  the 
TIMM  environment .  As  in  the  case  of  the  amplifier,  the  conductor  (L)  will 
he  alnaLL'.tad  to  represent  an  approximate  TBM  inductor.  Capacitors  Cl  and 
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and  C2  act  as  a  voltage  divider  network.  These  capacitors,  together  with  the 
input  capacity  of  the  triote  and  the  inductoxj  will  also  determine  the  fre¬ 
quency  of  oscillations.  Capacitor  Cf  is  the  feedback  capacitorj  the  valu 
being  100  pf.  An  RF  choke  should  be  utilized  in  place  of  resistor  Bl,  Iul 
Inductors  of  this  type  have  yet  to  be  developed  for  the  TIMM  concept.  Fe 
slstor  Rg  is  Rlmply  the  grid  resistor  whose  value  is  near  20K  ohms.  The 
data  shown  in  Table  13  was  taken  with  an  Rl  =  15K  ohms. 


®o 


Ebb 

lb 

Triode 

mu 

gm 

Cl 

C2 

L 

Q 

(RMS 

Frequency 

Case 

Volts 

ma 

No. 

pmhos 

Ef 

£f 

- 

volts)  Megacycles 

1 

100 

2.0 

5073 

1100 

25 

20 

10 

1.0 

60 

6.0 

30 

2 

100 

2.0 

5073 

1100 

25 

56 

20 

0.6 

80 

4.2 

4l 

3 

100 

2.0 

5073 

1100 

25 

160 

33 

6.0 

65 

28.0 

18 

4 

150 

3.8 

5088 

5000 

42 

56 

20 

1.0 

60 

15.0 

30 

5 

100 

3-3 

5088 

5000 

42 

60 

10 

1-5 

84 

16.0 

30 

TABLE  14 


From  the  preceding  data  it  can  be  seen  that  the  output  of  the  oscillator 
increases  as  the  inductive  to  capacitive  ratio  Increases.  Since  larger  in¬ 
ductance  values  would  Increase  the  physical  size  of  the  TIMM  inductor  and 
since  microminiaturization  is  a  desirable  feature  of  the  TIMM  concept,  then 
the  values  of  capaciteuice  should  be  decreased.  This  in  turn  should  increase 
the  operating  frequency  of  the  oscillator.  How  much  the  values  of  Cl  and  C2 
can  be  decreased  has  yet  to  be  determined. 

Shift  Register 

Improvements  In  the  shift  register  performance  have  been  realized  by  in¬ 
creasing  the  shift  triggering  sensitivity  of  the  stages  by  a  factor  of  at 
least  three.  Three  circuit  modifications  (see  Figure  5T)  were  investigated. 

As  notec  In  the  last  quarterly  report,  a  portion  of  the  shift  trigger  pulse 
was  passed  by  the  "closed^  gating  diode  D  to  the  "off"  grid,  counteracting 

•  k  ** 

to  soiuc  extent  the  trigger  pulse  actually  passed  by  the  "open"  gatlrg  diode  D. 
b:  iuidei-ed  transmission  of  the  trigger  by  the  "closed"  gating  diude  was 

...  crtthcds  '.v  •uno'd/'  capacitance  of  the  diode.  Thus,  it 


was  ajjparent  that  the  trigger  sensitivity  of  the  circuit  could  be  increased 
by  reducing  the  diode  capacitance.  Subsequently^  low  capacitance  diodes, 
produced  by  the  Tube  Development  group,  were  received,  measured  and  found 
to  exhibit  a  capetcitance  reduction  of  almost  50^-  These  low  capacitance 
(4.0  pf  at  one  megacycle) diodes  were  constructed  with  O.03?"  anode -catho'lo 
insulators  and  with  an  0.003"  anode-cathode  spacing. 

The  low  capacitance  diodes  were  inserted  into  the  gating  leao  of  the 
shift-register  and  the  shift  pulse  amplitude  required  to  trigger  the  circuit 
was  measvired.  The  minimum  shift-pulse  eutrplitude  required  was  reduced 
-16. 0  volts  to  -8.0  volts,  a  definite,  but  insufficient  improvement. 

The  second  approach  to  the  problem  consisted  of  designing  a  gating  oir  - 
cult  for  positive  instead  of  negative  shift  pulses.  Such  a  circuit  wovild 
block  off  positive  5-0  volt  pixlses  to  the  negative  grid  of  the  flip-flop 
whenever  the  gating  voltage  was  at  +2-5  volts,  and  pass  the  positive  5*0 
volt  trigger  pulse,  with  sufficient  an^ilitude  at  the  grid,  to  trigger  the 
stage,  whenever  the  gating  voltage  was  zero.  It  has  the  disadvantage,  how¬ 
ever,  of  passing  all  of  the  positive  trigger  pulse  to  the  grid  of  the  "on" 
tube.  This  would  not  result  in  undesired  triggering  but  would  again  detract 
from  the  triggering  sensitivity  of  the  stage.  Thus,  it  was  decided  that  a 
positive  triggering  gate  would  not  contribute  significantly  to  the  solution 
of  the  problem,  and  some  other  approach  must  be  considered. 

The  shift  register  flip-flop  circuit  was  again  examined  f o  ’  -y  possible 
Inqjrovement  in  design.  It  was  noted  that  the  gating  voltages  were  "picked 
off"  at  a  Junction  of  the  coupling  diodes  of  the  preceding  stage.  This  point 
had  been  chosen  in  order  to  allow  the  shift  pulse  a  wider  amplitude  range  than 
could  be  realized  if  the  gating  voltage  were  picked  off  at  the  grid.  The 
voltage.  H5  derived  at  the  diode  junction,  ranged  from  +2.4  volts  minimum  to 
.  r.  dmuir.  01  volts,  3  ohan^se  0+  3-6  vc.lts.  Th,e  grid,  however,  would 

ront  '  '..I'-'  '■cits.  It  had  been 


thought  that  the  greater  voltage  change  at  the  diode  junction  vas  desirable, 
but  it  was  now  apparent  that  it  was  objectionable  from  the  standpoint  of 
the  high  minimum  value  of  the  voltage.  The  shift  trigger  must  be  of  suffi¬ 
cient  amplitude  to  over-ride  the  minimum  voltage  by  at  least  +2.6  volts  t 
trigger  the  stage  properly,  even  with  a  perfect  gate.  The  circuit  was, 
therefore,  modified  so  that  the  gating  voltage  was  picked  off  directly  ''vt 
the  grid  of  the  preceding  stage.  The  triggering  capacitors  were  thus 
allowed  to  discharge  con^letely,  enabling  a  lower  shift  trigger  voltage  to 
trigger  the  stage.  The  circuit  was  found  to  trigger  reliably  with  a  minimum 
trigger  pifLse  amplitude  of  -5.O  volts.  A  coniblnation  of  low  capacitance 
diodes  and  lower  gating  potentials  allowed  the  circuit  to  trigger  with  a 
shift  trigger  of  -4.7  volts  as  conpared  to  the  -I6.O  volts  which  had  original 
ly  been  required.  The  modifications  then  had  afforded  a  very  significant 
Improvement  in  trigger  sensitivity. 

An  effort  was  then  made  to  inmrove  the  speed  of  the  register.  It  was 
tetermined  that  the  clrcxilt  speed  was  limited  by  the  time  spacing  between 
the  "set"  Euad  "shift"  pvilses.  The  input  sequence  generator  currently  being 
used  would  not  allow  the  time  between  a  "set"  and  the  next  "shift"  pulse  to 
exceed  10  per  cent  of  the  time  between  shift  pulses.  Thus,  for  the  circuit 
to  operate  with  a  shift  repetition  rate  of  1.0  megacycle,  the  input  flip- 
flop  must  respond  to  a  10,0 -megacycle  bit  rate,  a  speed  in  excess  of  the 
design  capabilities  of  the  circuit.  The  input  flip-flop  was  foxmd  to  oper¬ 
ate  satisfactorily  at  a  bit  rate  of  I.3  megacycles,  allowing  tne  two-bit 
shift  register  to  operate  at  speeds  in  excess  of  100  kc.  It  was  felt  that 
the  circuit  would  operate  at  gi’eater  shift  repetition  rates  if  the  time 
between  a  "set"  and  "shift"  pulse  could  be  increased.  In  order  to  ac¬ 
complish  this,  it  is  necessaiy  to  allow  more  delay  between  the  "set"  and 
"shift'  gone’^vitors  than  is  obtainable  with  the  generators  now  available. 
iO  -•'•irr  f  -hi’  a  1  b  ’ "  d:'\lay  line  has  been  ordered,  and  work 


will  "be  resvuned  In  this  sa«a  as  soon  as  the  delay  line  Is  received. 
R)ur-Imut  NOR 


During  this  quarter,  the  four-input  Nor  circuitry  was  designed  and 
A  schematic  diagram  of  the  circuit  is  shown  in  Figure  58>  Tlie  Nor  circ-;  ! 
was  designed  to  deliver  up  to  1.0  ma  of  current  into  a  load.  After  the  cir¬ 
cuit  configuration  was  decided  upon,  the  component  values  and  jecifica..ic,^s 
were  determined  as  follows: 

1.  Assvane  a  full  load  of  1.0  ma  at  output  voltage  of  +2.5  volts. 

2.  Assume  three  covipllng  diodes  in  series,  each  with  a  built-in 
bach  bias  of  +2.35  volts  and  each  capable  of  conducting  not 
less  than  1.0  ma  of  forward  ciirrent  when  the  anode-cathode 
potential  Is  +3.0  volts. 

3.  To  obtain  +2.5  volts  at  the  output,  across  a  2.5K  ohm  load,  a 
diode  current  of  1.0  ma  must  flow,  establishing  a  voltage  drop 
of  approximately  9-0  volts  in  the  coupling  diodes.  Thus,  Ep 
(max)  of  the  Nor  must  be  not  less  than  11.5  volts  for  a  full 
logical  "one"  output. 

If.  Since  the  diodes  will  conduct  a  very  small,  but  nevertheless 
significant  current  (50  piA),  with  an  anode  to  cathode  potential 
of  2.35  volts,  the  driving  Nor  should  exhibit  a  full  conduction 
Ep  of  not  more  than  6.9  volts.  This  figure  should  be  from  6.0 
to  6.5  volts  for  reliable  operation  of  the  Nor. 

5.  From  3  and  4  above  it  is  evident  that  the  plate  potential  of 
the  Nor  triode  must  not  exceed  a  full  conduction  value  of  6.5 
volts;  and,  when  the  triode  is  not  conducting,  the  plate  po¬ 
tential  must  not  be  less  than  11.5  volts. 

6.  Assume  Ebb  =  I6  volts. 

7.  Assume  a  cutoff  plate  corrent  (leo)  of  100  [xA  with  Ep  -  11.5 
volts  and  Eg  =  0  volts. 

8.  Then  the  total  current  through  the  Rl  of  the  cutoff  triode  is 
IL  +  Ico  =  I'l  1!®*  This  current  arast  produce  a  potential  drop 
in  Rl  of  not  more  than  Ebb  -  EpC^c)  =  I5.CV  -  11.5V  =  4.5V. 

Rl  <  4.5  K  ofcm^ .  Let  Rl  "  4. OK  ohms, 
l.f 

9.  TUc  f  sll  conduction  curr^,'nt  cf  thti  triode  must  be  sufficient  to 
drop  9  0  volts  in  Rl>  thus  lowerir.£  the  plate  potential  to  the 
6-5  volt  value  .sp)eclfied  In  step 

Ly  •>  ' '  volts 


=  2.4  Ma 


Bie  trlodfi  then  must  be  capable  of  cojiducting  not  L.'ss  than  2.4  ma 

when  the  grid  is  at  +2.5  volts  and  the  plate  at  +6.5  volts. 

The  coiKponentB  which  were  specified  for  the  Nor  circuit  are  as  follows: 

Triodes  Ip  >  2.4  ma  with  Ep  =  6.5  volts ^  Eg  =  •*  2.5  volts 
Ip  <  100  nA  with  Ep  =  11.5  volts,  Eg  =  0  volts 
Ig  <  150  pA  with  =  6.5  volts,  Eg  =  2.5  volts 

Diodes  A.  Coupling  diodes 

Epk  >2.35  volts  T.rtien  Id  =  50  pA 

Epk  <3-0  volts  when  Id  =  1.0  ma 
Slope  resistance  <  650  ohms 

B-  Grid  circuit  (input)  diodes 

%)k  >2.35  volts  when  Id  =  50  mA 

Epk  <3-0  volts  when  Id  =  300  pA 
Slope  resistance  <  3200  ohms 

Resistors  R^  =  4. OK  +  10^ 

Rg  =  25. OK  +  10^ 

The  above  information  was  submitted  to  the  respective  component  develop¬ 
ment  groups. 

Some  of  the  operating  advantages  of  TIMM  diode  coupled  Nor  circuits  are 
illustrated  in  Figures  59  and  60.  Figure  59  shows  the  composite  load  line 
of  a  Nor  circvdt  operating  into  a  load  which  consists  of  another  Nor  circuit. 
The  actual  operating  path  for  the  tube  Is  shown  by  the  heavy  lines.  The 
portion  of  the  load  line  to  the  left  of  point  (l)  has  a  slope  of  minus  !• 

Rl 

The  tube  will  operate  on  that  portion  of  the  curve  when  its  grid  is  cleuig>ed 
at  Its  maximum  positive  value  by  Its  grid  current;  that  is,  when  the  tube  is 
In  a  fully  conducting  state.  As  the  grid  potential  is  redu.:;ed,  the  operating 
Tx^int  ar-ivGS  at  point  (l).  Here  the  plate  potential  has  risen  to  a  value 
set  ‘Ic lent  ‘o  ''■ause  a  current  to  flow  through  the  'oupllng  diodes  and  the  load, 
■  '■  '  ’■  'ho  .  ,cr  of  the  driven  stage.  The  load  Rl  ,  which 

i  !.  V  piesented  io  the  tube,  lor-ists  of  the  plate  load  resistor  Rp,  in 
■  o  ...  h  ,  ..t,.  .c.  :;".r  •  '.at  ion  cf  the  dioiv  resistance,  Rq,  and  the  grid 


■  107- 


(VlAI)  ‘=^1 


rij^ure 


■  108- 


COMPOSITE  STATIC  OPERATING  LOAD  LINES  FOR  TIMM  NOR 
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COMPOSITE  STATIC  LOAD  LINES  FOR  TIMMS  NOR  SHOWING 
CIRCUIT  TOLERANCE  TO  VARIATIONS  IN  Ebb. 


resistor,  JRL’  given  by  tixe  expression:, 

Rl’  ==  (^d  ^  Rg) 

RL  -i- 

The  load  line  from  point  (l)  to  point  (2)  then  has  a  slope  of  minus  1  . 

At  point  (2)  the  voltage  across  the  grid  resistor  of  the  driven  stage 
has  risen  to  a  value  sufficient  to  cause  grid  current  flov,  further  re- 
duc  i  ng  the  load  resistance  seen  by  the  driving  stage.  The  new  load  resis¬ 
tance,  Rl*  ’  ,  into  irtiich  the  driving  tube  opeiates,  Is  given  by  the  expression: 

=  RL  (Rd  Rx) 

Rl  Rd  +  Rx 

where  Rx  =  Rg  Eg 

Rg  Ig  +  Eg 

The  values  of  Rx  refer  to  the  grid  circuit  of  the  load  Nor.  The  load 
line  from  point  (2)  to  the  Ep  intercept  then  has  a  slope  of  minus  d 

IT 

This  latter  slope  is  very  steep,  as  can  be  seen  in  the  figure. 

The  oi)eratlng  path  described  above  is  peculiar  to  a  TIMM  diode  coupled 
stage,  offering  advantage  to  this  type  of  operation  from  the  resulting  circuit 
tolerance  to  variations  in  the  plate  supply  voltage.  Figure  6o  shows  the 
composite  load  lines  for  a  stage  operating  with  a  plate  supply  voltage  Ebb* 
Shown  on  the  same  graph  are  the  load  lines  which  result  when  Ebb  is  varied 
to  0.9  Rbb  or  1.1  Ebb,  a  supply  voltage  variation  of  +  10  per  cent.  Note  that 
the  Eb  intercept  varies  very  little,  indicating  stable  operation  over  a  wide 
range  of  plate  supply  voltages. 

The  Nor  circuit  was  breadboardel  as  designed  using  available  components 
closely  enproximating  those  specified  previously.  It  was  not  possible  to 
obtain  triodes  having  as  high  a  plait-  current  and  as  low  a  grid  current  as 
D  'oC  ipec  : .  Since  the-  input  voltage  could  be  derived  from  a  supply 

‘yjurco  of  low  impedance^  a  high  grid  current  triode  was  used  that  met  fairly 
wrl,  i;,  •  .late  char  acte  r  c  desiiei.  Tha  triode  which  was  actually  used 


exhibited  the  following  characteristics: 

Ip(co)  =  130  nA  at  Ep  =  il.5V,  Eg  =  OV 

Ip  =  2.7  mA  at  Ep  =  6.5V,  Eg  =  +2.5V 

Ig  =  550  mA  at  Bp  =  6.5V,  Eg  =  +2.5V 

All  other  congponents  were  obtained  having  values  as  specified. 

The  breadboard  Nor  was  loaded  with  the  circuit  shown  to  the  right  of 

the  dotted  line  in  Figure  59'  The  load  is  conrposed  of  TIMM  components  and 

is  designed  to  simulate  the  actual  maximum  load  the  Nor  is  expected  to  drive. 

A  pulse  was  applied  to  the  input  of  the  Nor  and  the  resulting  data  are 

shown  below: 


Output 

Condition _ Input  _  Ep _ Eo _ Eg _ 

Voltage,  "Zero"  0  volts  +11. 5  volts  +5.6  volts  2*3  volts 

"One"  +2.3  volts  +  6.0  volts  +2.0  volts  0  volts 

Pulse  rise  0.040  ^isec  0.2  nsec  0.3  (Jisec  O.3  kisec 

Pulse  fall  O.OUO  |isec  0.1  nsec  1.0  nsec  3-0  nsec 

The  reason  for  the  long  fall  time  of  the  pulse  at  Eg'  was  investigated. 

It  is  caused  by  the  relatively  large  which  was  used  in  the  load  circuit 
coupled  with  the  large  grid-cathode  capacitance  of  the  load  triodes.  In 
addition,  the  grid  resistor,  Rg,  presented  a  rather  large  capacitance  in 
shunt  with  the  grid  circuit  of  the  load  triodes.  This  capacitance  totals 
approximately  25. 0  pf.  The  resulting  time  constemt  EgCt  then  is  about  O.63 
nsec . ,  since  5  PC  is  the  time  the  circuit  will  take  to  discharge  to  a  value 
of  90  per  cent  Emav.  This  long  fall  time,  if  intolerable,  can  be  shortened 
by  reduction  of  Rg  emd  interelectrode  capacitances  of  the  input  of  the  load 
triodes.  Work  is  being  conducted  by  the  tube  and  resistor  group  toward  re¬ 
ducing  hese  objectionable  capacitances. 

In  aiTi  attempt  to  reduce  rise  and  fall  times  evidenced  above,  it  was  de¬ 
cided  to  ui,'-  !  peed-up  capacitors  across  the  coupling  diodes.  It  was  found 
that  the  fall  time  could  be  rf^duced  by  a^i  much  as  75  per  cent  of  the  original 
i-x-  Oj  ihe  use  of  rather  large  (0.002  pf)  capacitors  across  the  diodes.  It 
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was  founds  however^  that  this  value  of  capacitsuice  was  too  large  for  the 
circuit  since  it  rendered  ineffective  the  isolation  afforded  “by  the  diodes* 

At  the  present  time,  without  speed-up  capacitors,  the  Nor  will  respond  well 
to  pulse  repetition  rates  up  to  20  Kc*  If  %  is  reduced  to  10*0K  ohms, 
the  maxlmuin  frequency  is  increased  to  50  Kc*  Low  capacitance  resistors 
will  further  Increase  the  operating  speed  to  nearly  100  Kc.  These  changes, 
in  addition  to  appropriate  speed-up  capacitors,  could  raise  the  frequency 
limit  to  the  megacycle  range  if  desired. 

The  design  for  component  liig  arrangement  and  component  placement  within 
the  shift  register  and  Nor  circuit  modules  was  completed  this  period.  The 
arrangement  of  the  Nor  module  is,  however,  tentative  since  it  has  not  “been 
decided  what  geometrical  form  the  input  diodes  will  take. 

A  scaled  outline  drawing  of  the  shift  register  modxAle  is  shown  in  Jlgure 
6l.  The  component  lugs  are  not  shown  on  this  drawing,  only  the  relative 
position  of  the  module  components.  Figure  62  shows  a  schematic  drawing  of  the 
modixle  indicating  lug  placement  and  internal  module  wiring.  Note  that  the 
entire  shift  register  module  is  constructed  in  such  a  way  that  only  two  insu¬ 
lating  spacers  are  required.  This  module  arrangement  necessitates  the  use 
of  components  with  both  radial  and  tangential  lugs  to  facilitate  wiring  the 
module  without  crossing  wires.  The  required  component  and  lug  configurations 
are  shown  in  Figure  63-  All  input  and  output  connections  are  made  to  the 
lower  rows  of  tangential  lugs  so  that  the  leads  connecting  the  module  to  its 
circuit  board  may  be  kept  as  short  as  possible. 

Since  each  shift  register  circuit  consists  of  ten  modules,  it  is  planned 
to  Integrate  modules  to  a  ceramic  printboard  capable  of  withstanding  the  same 
higii  ambier"  temperature  to  the  TIMM  module  is  exposed.  Design  of  the 

printboard  is  coirplete  and  dravings  have  bean  submitted  to  the  Ceramic  and 
.!  j;g/  group.  The  printboard  will  6jlniJrL9.ta  loxm  interxzuDdulci  connectings 
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CKING  AND  WIRING  DIAGRAM  FOR  T!MM 
10-BIT  SHIFT  REGISTER  MODULE 
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TIMM  iO’BIT  SHIFT  REGISTER 
COMPONENT  CONFIGURATIONS  UTILIZING 
RADIAL  AND  TANGENTIAL  LUGS 


leads  \dilch  may  be  subject  to  vibration  and  shock  claina^.c.  Only  eiiti’emely 
short  leads  will  be  necessary  for  module  interconnections,  i-hoi-tnal  expansion 
characteristics  of  the  ceramic  board  will  match  those  of  the  module. 

In  order  to  present  meocimum  resistance  to  shock  and  vibration,  the  modules 
will  be  mounted  on  the  board  as  shown  in  Figure  64.  Note  that  the  center 
of  gravity  is  maintained  at  a  low  point  by  this  method  of  mounting.  Each 
module  will  be  secured  to  the  boari  by  leads  welded  to  the  lugs.  Ihese 
leads  are  passed  throi;igh  holes  in  the  board  and  welded  to  connecting  pins  on 
the  bottom  cf  the  board.  The  leads  will  consist  of  0.002"  thick  by  0-050" 
wide  Inconel  ribbon,  doubled  and  welded  for  strength.  The  modules  will  be 
held  a  short  distance  (about  0.015")  from  the  board  by  the  titanium  supports 
brazed  to  the  end  of  each  module,  also  shown  in  Figure  64.  This  is  done  to 
allow  for  any  slight  misaligoment  of  the  c-omponents  within  the  module.  It 
is  anticipated  that  this  nsthod  of  module  mounting  will  permit  the  units  to 
withstand  large  acceleration  forces.  Some  of  these  forces  have  been  calculated 
aund  are  presentod  at  the  end  of  this  section. 

Since  the  entire  Nor  cii-:mit  can  be  included  within  one  module,  it  is 
not  necessaiy  to  provide  a  mounting  board  for  that  circuit.  The  Nor  module 
arrangement  is  shown  in  Figure  6c. 

The  logic  design  for  a  TIMM  demonstration  ur.it  to  be  presented  at  Wright 
Field  was  conpleted  this  mor  th.  This  ur:it  is  intended  to  demonstrate  the 
ability  of  TIMM  compcineuts  to  cyerate  in  essential  computer  logic  circuits. 
Dyneimic  Display  Unit 

It  vfip  proposed  that  a  Binary  Word  Simulator  be  constructed  to  demonstrate 
fea'.ibllaty  of  TIMM  comporent^  aoi  Tl!®  circuitry  for  computer  applications. 

Til’;  iv.’i,  i  va^  . ) r- e n-,:  aurio  it  -is  seif  or'.taired,  needing  only 

primary  (battery)  power  for  .ir.rat  and  an  c srlllcscope  for  display  of  the  out- 
pu-  -.a.sic  art  ut '.lizei:  fraa  rar.r.lrg  multivibrators,  flip-flops. 
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And  gates  and  Nor  gates.  ■I’he  blocit  diagram  for  the  circuit  is  shown  in 
Figure  66. 


FRMV  FF  FF  FF  FF  FF 


Word  Simulator  Block  Diagram 
Figure  66 


It  was  planned  that  each  circuit  would  he  breadboarded,  optimized,  stack¬ 
ed  and  sealed  into  modules  eind  the  modules  arranged  on  a  section  of  cersunic 
board  in  such  a  manner  that  the  entire  unit  may  be  operated  in  an  8.0"  long 
X  1  1/2"  (id)  Vycor  oven.  Interconnections  will  be  nickel  wire  (0.015"  dla. ) 
with  ceramic  spaghetti  being  used  where  necessary. 

The  output  of  the  display  unit  will  be  as  shown  in  Figure  6j. 


Word  Simulator  Output  Waveform 
Figure  67 


The  dur  ion  of  the  pulses  viil  be  detenained  by  the  rate  of  the  free- 
lunning  mull i vibrator  circuit,  which  in  turn  will  be  determined  by  the  charac- 
•  .cliry  the  triodcs  available  for  the  display  ‘unit. 
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Conqjonant  requirements  ire  as  follows: 


Circuit 

Triodes 

Diodes 

Resistors 

Capac: 

1  FRMV 

2 

0 

5 

3 

4  FF 

8 

2k 

20 

12 

2  And 

0 

k 

2 

0 

2  Nor 

2 

8 

k 

2 

Total/  unit 

12 

"3^ 

~11 

*17 

!Etie  efforts  devoted  to  the  display  unit  this  period  were  mainly  those  of 
the  Circuit  Development  group.  Most  of  the  indlvld.ual  circuits  were  designed, 
hreadboarded  and  optimized  electronically*  Stacking  diagrams  were  designed 
for  optimum  component  placement  In  the  module  and  several  circuits  retinmed 
to  the  Tube  Devalopn^nt  group  for  seed-lng  into  modules*  Several  experimental 
modules  were  constructed  and  subsequently  nickel  and  chrome  plated  fbr  oxida¬ 
tion  protection  of  the  titanium.  Comparison  of  data  taken  prior  to  plating 
and  after  the  plating  process  showed  no  changes  in  electrical  or  mechanical 
characteristics . 

Additional  work  performed  by  the  Circuit  Development  group  for  this 
quarter  consisted  of  calculating  the  mass  center  of  a  TIMM  Shift  Register  module 
and  the  stresses  developed  in  the  modaxle  euid  ceramic  circuit  board  due  to  an 
acceleration  of  500  g*B  in  each  of  three  mutually  perpendicular  planes. 

Location  of  Module  Mass  Center 

Due  to  the  symmetry  in  the  TIMM  shift  register  module,  the  module’s  mass 
center  (center  of  gravity)  is  very  close  to  the  module's  centroid  (physical 
center) .  Calculations  carried  out  on  the  module  showed  that  the  maximum 
deviation  of  the  mass  center  was  less  than  0.0011"  in  any  one  of  the  three 
mutually  perpendicular  planes  (Figure  68),  Because  of  this  small  deviation, 
the  torsional  shearing  stress  vjll  be  very  small  and  will  not  be  the  critical 
rtross  when  the  znoduls  ar>  subjected  to  an  acceleration  of  500  g's. 
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X  =  0  X  =  -.00108" 

y  =  0  y  =  -.0006S3"  6.06  grams  (.0134  lbs.) 

z  =  0  Y  =  -.00103" 


Location  of  Mass  Center  of 
TIMM  Shift  Register  Module 

Figure  68 

Module  Seal  Stresses 

If  the  conqpleted  module  is  supported  only  on  its  ends^  then  an  acceleration 
upward  on  the  unit  (Figure  (>9'^  will  tend  to  put  a  tensile  stress  on  the  center 
seals.  By  assuming  the  module  is  a  homogeneous  cylinder  subjected  to  a  500-g 
acceleration,  a  stress  of  824  psi  was  found  to  exist  at  the  bottom  edge  of 
a  nickel  seal  ring  at  the  mid  point  of  the  module.  Experimental  seal  strengths 
range  from  8,000  to  13,000  psi.  These  values  are  in  general  less  than  the 
modules  of  rupt  re  of  the  cereimic  material. 


Module 

j, 

Acceleration 

Circuit  Board 

integral  Module  -  Circuit  Board  Arrangement 
Figure  69 
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Circuit  Board  StreBses 


Although  there  is  not  any  definite  agi^ement  as  to  the  final  module 
mounting,  a  suggested  configuration  is  shown  in  Figure  70.  Wlien  the  com¬ 
plete  unit  with  its  10  modules  is  accelerated  in  a  direction  perpendicular 
to  the  plane  of  the  ceramic  board,  analytical  calculations  show  the  ten¬ 
sile  stress  at  the  center  of  the  board  to  be  24,500  psi.  Suggested  modules 
of  rupture  for  ceramic  material  is  between  20,000  and  24,000  psi.  If  rooxmt- 
ing  holes  are  to  be  taken  into  account,  the  calculated  stress  would  be 
higher  for  a  given  acceleration.  The  maximum  calcvilated  stress  when  the 
board  alone  is  accelerated  at  500  g's  is  7860  psi. 
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Physical  Module  Arrangement  -  10  Bit  Shift  Register 

Figure  70 


MATERIALS  IHVESTIGATION 


Protective  Coatings 

Non-Metalllc  Coatings  -  The  stacked  capacitors  spray  coated  with  "No -Scale" 
or  "No-Carh,"  as  reported  in  the  Second  Quarterly  Report,  were  e^qposed  in 
air  for  one  week  at  600  C  Eind  retested  for  capacitgince  eind  reslstEuice.  As 
a  result  of  further  deterioration  of  resistance  values ,  as  shown  in  the  s\aii- 
mary  in  Table  14,  these  materials  were  dropped  as  potential  protective  coat- 
iiigs  for  TIMM  circuits. 

Protective  Coating  "CR-NET"  -  manufactured  by  Markal  Compsoiy,  was  evaluated 
as  a  coating  for  Ti  at  ^60  C.  The  manufacturer  reported  this  material  as 
composed  of  a  synthetic  resin  vehicle  which  decomposed  at  550  P,  an  aromatic 
solvent  (xylol)  and  silicone  and  boro-silicate  plgmeats.  Preliminary  tests 
showed  that  the  coating  melted  during  heating  to  58O  C,  and  produced  a  brittle, 
water  soD.uble  glass  coating  when  cooled  to  room  temperature.  Since  the  material 
behaved  like  a  conventional  water-glass  con^josltlon,  further  tests  were  con¬ 
ducted  to  determine  the  physical  natiore  of  the  coating  at  58O  C.  Testing 
disclosed  the  material  to  be  a  viscous  fluid  at  operating  temperature  which 
will  readily  wet  other  surfaces  with  which  it  comes  in  contact.  Several  ti¬ 
tanium  strips  0.25"  X  1.50"  X  0.020"  were  subsequently  coated  and  suspended 
vertically  in  a  furnace  at  58O  C.  Examination  after  one  week  exposure  showed 
that  the  coating  had  flowed  to  the  lower  end  of  the  strip,  and  micro-examination 
indicated  inadequate  protection  against  scaling  and  oxygen  diffusion  even  in 
areas  where  the  coating  was  Intact .  No  further  investigation  of  this  material 
will  be  conducted. 

troplatliig  -  The  investigation  of  electroplated  chromium  and  nickel  for 
" ‘ ■  ;  tajiiuTii  fiOiii.  ai.i  cuii Lamination  was  cointinued  wltii  primary 
enphasis  on  techniques  applicable  to  cen^KDnents  said  slacked  modules.  The 

^  f  electroplated  chromium  and  nickel  in  preventing  scaling  and 


Saniple  No 


Uncoated 


As  Coated 


1  Wk  at  600  C  , 


Leakage  Current  at  9OV  DC 
_ Annas _ 


No-Scale 

1 

5.5  X  10 

1.4  X 

10“^ 

1.5  X  le"'' 

3 

3.6  X  10"^ 

.. 

5 

2.6  X  10"^ 

2.3  X 

10‘^ 

1.8  X  10"^ 

7 

-12 

2.2  X  10 

1.3  X 

10"^ 

short 

9 

1.3  X  10"^ 

1.2  X 

10“^ 

-4 

9.2  X  10 

11 

2.8  X  10"^ 

1.3  X 

10"^ 

2.1  X  10’^ 

13 

-12 

2.1  X  K) 

9.2  X 

10"^ 

4.4  X  10"^ 

No-Carb 

2 

1.8  X  10"^ 

4.7  X 

10-'^ 

3.0  X  10’^ 

4 

-12 

2.0  X  10 

6.4  X 

10"^ 

3.2  X  lO'^ 

6 

2.0  X  10"^ 

1.1  X 

10“^ 

short 

8 

3.3  X  lO"^*^ 

1.8  X 

10-^ 

short 

10 

4.8  X  10"^ 

1.1  X 

10-^ 

-4 

3.0  X  10 

12 

2.5  X  10“^^ 

6.8  X 

10-^ 

short 

Average  Cpj  picofarads 

No-Scale 

85.5 

88.6 

89.0 

No-Carb 

90.7 

94.1 

95.0 

Average  Tan 

No -Scale 

.0017 

.0176 

.0278 

No-Carb 

.0015 

.00 1*0 

.0270 

Effect  of  "No-Scale"  and  "No-Carb"  on  Room  Temperature  Properties  of  Stacked 
Capacitors  Cp  and  Tan  6  Measured  at  500  Kc, 


Tabic-  lU 


contamination  of  titanium,  lit  temperatures  to  700  C  in  air,  was  demonstrated 
and  reported  earlier,  but  detailed  procedures  and  techniques  must  be  developed 
and  evaluated  for  application  to  TIMM  circuits. 

The  tendency  towsurd  cracking  of  the  chromium  plate  has  been  recognized 
for  some  time;  and,  although  such  cracks  have  appeurently  not  been  detrimental, 
a  commercial  proprieteury  crack-free  chromium  plating  electrolyte  was  evaluated 
to  determine  if  a  ductile,  crack-free  deposit  would  be  advantageous.  Three 
tltaniimi  electrodes  were  plated  at  each  of  three  ciirrent  densities  (2.0,  3*0 
and  4-.0  amps  per  sq.  in.)  in  Metal  and  Thermit  Corporation’s  "Unichrome  CF- 
500"  electrolyte  and  exsunined  metallographically  for  uniformity  of  deposit. 

All  sanrples  exhibited  a  discontinuous  powdeiy-type  deposit  -  more  character¬ 
istic  of  an  unsintered  cataphoretic  deposit  than  an  electroplate.  Because 
of  the  poor  initial  results  with  the  proprietary  electrolyte  and  because  all 
earlier  results  were  based  on  chromixim  deposition  from  a  standard  €1^03  elec¬ 
trolyte,  no  further  work  with  this  proprietary  formula  is  anticipated. 

A  group  of  25  mechanical  sample  trlodes  were  plated  under  the  following 
conditions : 

Chromim;  21°  Be  electrolyte;  60  C;  20  min  at  2.5  amps  per  sq.  in. 

Nickel  Strike;  Woods  eiec+rolyte;  room  tenrperatiire;  3*0  min  at 
0.07  amps  per  sq.  in. 

Nickel:  Watts  electrolyte;  60  C;  30  niin  at  0.25  amps  per  aq.  in. 

All  samples  were  prepared  for  plating  by  sandblasting  the  surfaces  with  S.S. 
White  No.  1  abrasive.  Mlcro-exeuaination  of  the  as-plated  samples  showed  a 
distinct  lack  of  adherence  between  the  titanium  ajid  chromlimi  6Uid,  in  some 
cases,  between  the  chromium  and  nickel.  Air  exposure  at  600  C,  however, 
caused  no  blistering  or  flaking  of  the  plating.  Recognizing  that  the  as- 
plated  adherence  on  titanium  is  poor  as  compared  with  more  conventional  base 
"Ktals,  and  .aat  good  adherence  is  achieved  only  after  some  diffusion  occurs 
v.  operating  temperature,  It  was  determined  that  the  separation  between  plating 
•liii  ease  n:etal  noted  in  the  as-plated  samples  was  a  result  of  Ptresse.';  resulting 


from  ino\mtiiig,  sectioning,  and  grinding. 

Visual  and  micro -examination  of  the  plated  triodes  showed  excessive  plat¬ 
ing  build-up  at  the  electrode  edges,  at  points  the  greatest  distance  from  the 
point  of  electrical  contact  during  the  plating  cycle.  This  was  particiilarly 
pronounced  in  the  high  current  density  chromiiim  bath.  Sample  electrodes 
were  therefore  evaluated  after  chromivm  plating  at  an  electrolyte  temperature 
of  5^  C  emd  current  densities  of  1.0,  2.0,  and  2.5  angss  per  square  inch.  The 
average  plating  thickness  on  the  sample  surfaces  and  at  the  point  of  maximum 
edge  build-up  were  as  follows: 

Time  Current  Density  Avg.  Plating  Thickness,  Inches 

Minutes  Amps  Per  Square  Inch  Surface  Edge 

?i0  1.0  0.00010  0.00025 

13.5  2.0  0.00015  0.00042 

8  2.5  0.00011  Nodules 

The  low  average  plating  thickness  obtained  with  the  highest  current  den¬ 
sity  schedule  is  probably  a  result  of  reduced  efficiency  in  the  bath.  Pro¬ 
nounced  "nodule"  formation,  however,  was  noted  at  the  edge  of  the  sample. 

Based  on  the  above  results,  the  current  density  for  chromium  plating  was 
reduced  to  1.0  amps  per  square  inch  at  54  C  in  order  to  limit  the  plating 
build-up  at  points  of  maximum  current  density. 

The  electrical  characteristics  of  three  "And"  and  two  "Nor"  circuit  modules 

were  measured  before  and  after  jlatirig  in  order  to  determine  the  effect  of  the 

plating  process.  The  components  were  stacked  and  brazed  witJi  aluminum  filler 

and  the  modules  operated  at  SSO  C  to  establish  performance  characteristics. 

Ib.ey  were  then  sandblasted  and  auxiliary  nickel  wire  leads  were  spotwelded  to 

all  electrodes  to  which  electrical  contact  was  not  made  through  the  module 

onnc"  The  mo "tu .■■.•■e  plate  1  as  follows: 

ChromluE)-.  54  C,  1.0  amps  per  sq.  in.,  20  minutes 

Nickel  Strike:  room  t-mp. ,  0.7  amps  per  sq.  in.,  3-0  minutes 

brckel:  60  C,  am’  -  per  sq.  in.,  30  minutes 

lire  rvra  ‘'lioi  ’  modules  were  nickel -platei  at  an  ex-^esslvely  high  current  density 


as  a  result  of  an  error  in  calculating  total  bath  current^  and  four  electrodes 
in  one  module  were  not  plated  because  of  failure  to  attach  one  oi'  the  aiociliary 
leads.  Despite  these  changes  from  the  planned  procedure,  the  circuit  showed 
no  change  in  electrical  characteristics  alter  plating.  The  "And"  circuits 
were  all  plated  per  the  above  schedule.  Two  of  the  three  circuits  showed  no 
change  after  plating,  and  the  characteristics  of  the  third  one  indicated  an 
air  diode.  The  physical  location  of  this  diode  in  the  stack  makes  it  suscep¬ 
tible  to  mechanical  damage,  however;  and  the  change  could  not  be  attributed 
directly  to  the  plating  process. 

Welding  and  Brazing 

A  limited  amount  of  Investigation  had  indicated  early  in  the  program  that 
TIMM  components  could  be  staciied  and  brazed  with  aluminum  filler  for  module 
assembly.  Previous  work  in  connection  with  the  application  of  alimlnxun  as  a 
protective  coating  for  titanium  had  also  shown  the  formation  of  the  inter- 
metallic  compound  TiAl3  when  these  two  elements  in  intimate  contact  are  heated 
to  580  C  or  higher.  Since  the  properties  of  the  compound  are  relatively  un¬ 
known,  and  since  changes  in  the  electrical  resistance  of  the  brazed  joints  in 
a  module  may  affect  the  circuit  i)erfoimnce,  a  test  was  conducted  to  determine 
the  charige  in  joint  resistance  with  time. 

Pour  pairs  of  O.OI5"  thick  titanium  electrodes  were  vacuum  brazed  for  2.0 
minutes  at  730  C  with  a  0.005"  thick  aluminum  foil  shim  as  filler  material. 
Nickel  wire  leads  were  resistance  welded  to  each  electrode  lug  so  that  the 
total  circuit  resistance  measured  would  include  the  resistance  of  the  brazed 
joint.  control  samples  were  assembled  by  resistance  welding  nickel  leads 

to  oach  of  ^  CO  single  titanium  electrodes.  The  six  assemblies  weie  pJLaced  in 
an  air  furnace  with  the  leads  brought  out  to  fixed  temd-nals,  and  the  resistance 
•.  each  srimple  was  measured  at  intervals  with  a  Wheatstone  Bridge.  The  change 
-ii  >::sistance  with  time  at  'j8C  C  is  in  P'ignra  71-  'Hie  data  ehov  no 


significant  change  in  resistance  in  either  the  braaed  samples  or  the  control 
samples  of  200  hours. 

X-ray  diffraction  studies  of  brazed  surfaces  of  reperesentative  as -brazed 
samples  and  of  the  200'hour  resistance  test  samples  showed  no  difference  in 
the  phases  present.  This  indicates  a  stable  structure  in  the  as-brazed  con¬ 
dition;  8Uid  therefore  no  significant  change  in  resistance  would  be  anticipated 
during  exposure  at  temperatures  to  590  0. 

The  mechanical  streigth  of  aluminum  brazed  titanium  joints  obtained  to 
date  has  been  erratic,  and  a  more  intensive  investigation  of  the  process  will 
be  undertaken  during  the  next  quarter.  A  reliable  quantitative  test  method 
has  not  yet  been  developed,  but  effoi-ts  toward  this  goal  will  be  increased. 

The  tensile  and  shear  strength  values  of  butt  joints  as  used  in  module  assembly 
are  relatively  unimportant  during  service  because  Joint  failure  will  occur 
most  readily  as  a  result  of  forces  imposed  by  a  beading  moment  on  the  module. 

It  is  expected  therefore  that  the  most  realistic  test  method  will  require 
assembly  of  a  special  test  specimen  to  be  tested  as  a  simple  beam,  loaded  at 
mid- span. 

Several  experimental  interconnecting  lead  joints  were  also  attempted  with 
aluminum  brazing.  A  0.025"  diameter  Inconel  wire  was  inserted  throvigh  the  holes 
in  the  lugs  of  standard  titanium  electrodes,  and  a  ring  formed  from  0.012"  dia¬ 
meter  aluminum  wire  was  preplaced  at  each  joint.  Brazing  was  performed  in 
vacuum  at  temperatures  from  700  C  to  800  C.  Examination  of  the  joints  indicated 
that  the  aluminum  alloyed  with  both  the  Inconel  and  titanixim,  but  that  very 
little  1  iw  took  place.  The  limited  flow  of  the  aluminum  filler  at  the  tem¬ 
peratures  ur  is  understandable  since  the  addition  of  small  amounts  of  either 
nickel  or  tltu  lom  to  molten  aluminum  cause  a  steep  rise  in  the  liquidus  tenipera- 
urt-.  The  joints  exhibited  reasonable  strength  despite  the  small  bond  area 
'•suiting;  the  poci-  t'lci'  a  - 1  '■rc.'oul-ies  can.  probably  be  iriprovcd  by  more 

precise  prep.lacement  of  the  filler  metal.  Further  study  of  this  method  will 
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be  conducted  in  connection  with  the  Investigation  of  nodule  brazing  techniques. 

A  qualitative  study  of  resistance  velded  interconnecting  and  external  leads 
confirmed  that  the  strongest  irelds  may  be  achieved  between  the  titanium  elec¬ 
trodes  and  titanium  wire  leads.  Jbr  long  time  service  at  5^0  C,  however, 
titanium  leads  will  require  surface  protection  to  avoid  severe  embrittleiBant 
from  air  contamination.  For  external  leads  reliable  connections  can  be 
achieved  by  spot  welding  annealed,  0.002"  thick  Inconel  ribbon  to  both  sides 
of  the  electrode  lug  and  then  spot  welding  the  two  strips  of  ribbon  together 
over  their  entire  length.  Nickel  has  adequate  oxidation  resistance  at  58O  C 
and  has  been  used  successfully  in  wire  form  by  welding  to  bare  and  electro¬ 
plated  titanium  surfaces.  lOr  example,  on  the  module  mentioned  above  in  the 
discussion  of  electroplating,  the  interconnecting  leads  were  0.015"  diameter 
titanium  wire  welded  in  place  prior  to  plating,  and  the  external  leads  were 
0.015"  diameter  nickel  wire  welded  after  plating.  This  method  provided  oxida¬ 
tion  protection  for  the  titanium  leads  and  an  oxidation  resistant  material  for 
all  unplated  leads.  Full  annealed  wire,  particularly  for  the  external  leads, 
is  desirable  to  reduce  the  strain  imposed  on  the  weld  during  handling. 

Coated  Grids 

Twelve  0.001"  thick  photoetched  molybdenum  grids  were  coated  with  a  titanium' 
iron  comtposition  for  evaluation  in  triodes.  The  grids  were  cataphoretically 
coated  for  8.0  seconds  at  200V  in  a  suspension  of  the  following  conpfisition: 

2kO  ml  nitromethane 

40  ml  isopropanol 

10  ml  of  a  mixture  of  70  parts  by  volume  Isopropanol 

and  30  parts  nitromethane  saturated  with  zeln 
10  gms  3?5-mesh  titanium  powder 

1  gm  carbonyl  iron  powder 

After  coating  the  parts  were  fired  in  a  vacuum  induction  furnace  by  heating  to 
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coated  grid  element  is  illustrated  in 


the  photomicrograph  in  Figure  72. 
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TlFe  Coating 

MolybdenxuD 


Figure  72 

Cross  Section  of  rhotoetched  Molybdenum  Grid  Element  Coated 
with  Titanium  Iron 
Mag.  -  lOOOX 

All  of  the  coated  grids  were  bowed  after  coating  and  firing,  and  were  also 
quite  brittle  as  a  resiilt  of  partial  recrystallization  of  the  molybdenum  and 
the  inherent  brittleness  of  the  coating.  Considerable  difficulty  was  en¬ 
countered  therefore  in  assenibllng  the  grids  into  tubes,  and  several  were 
lost  because  of  distortion  and  fracture.  During  processing  of  the  tubes 
that  were  assembled,  the  grids  warped  and  shorted  to  the  plates.  For  test 
purposes,  the  grid  was  electrically  connected  as  the  anode;  and  contact 
potential  and  emission  current  were  con^jared  against  similar  tubes  having 
uncoated  molybdeniun  and  titanium  grids.  The  average  values  are  summarized 
below: 

Contact  Potential 

Grid  _ Volts _  Emission,  ma 


Coated  molybdenxun 

1.0 

0.2 

Uncoated  molybdenum 

0.2 

>  3-0 

Titanium 

2.0 

>  3-0 

me  low  emission  with  the  coated  grid  may  be  a  resiilt  of  the  formation  of 
molybdenum  oxide  during  processing  of  the  coating,  but  this  theory  has  not 


been  evaluated  experimentally. 


An  Investigation  of  the  process  for  coating  iDolybdenum  and  tungsten  vlth 
titanium,  by  electrodecon^sltlon  from  a  molten  salt  bath,  has  been  initiated. 
G.  E.  Electronics  Laboratory,  Syracuse,  N.  Y. ,  personnel  and  facilities  will 
be  utilized.  The  feasibility  study  is  to  be  completed  by  March  1,  1962. 
Oxidation  Resistant  Electrodes 

The  substitution  of  a  material  with  good  oxidation  resistance  at  5^0  C 
for  TIMM  component  electrodes  would  eliminate  the  concern  for  a  protective 
coating  for  titanium  and  mi^t  also  reduce  the  problems  encoimtered  in  making 
high  reliability  welded  and  brazed  connections.  To  evaluate  the  feasibility 
of  this  approach,  several  diodes  with  type  430  stainless  steel  electrodes 
were  assembled  and  tested.  The  type  43O  alloy  was  selected  because  of  its 
excellent  oxidation  resistance  and  because  of  the  availability  of  a  ceramic 
insulator  (OW-II6)  with  closely  matching  expansion  characteristics. 

In  order  to  retain  the  tube  characteristics  afforded  by  titanium,  a  ti¬ 
tanium  stud  was  secured  to  the  plate  electrode  by  spot  welding.  This  opera¬ 
tion  can  also  be  accomplished  by  assembling  the  titanium  and  430  parts  and 
heating  in  vacuum  to  a  teirgperature  above  the  Ti-Pte  eutectic  temperature  of 
1080  C.  figure  73  illustrates  typical  Joints  obtained  when  a  titanium  stud 
in  contact  with  a  type  430  electrode  is  heated  in  vacuum  for  two  minutes  at 
1130  C.  Note  in  figure  73A  the  extremely  large  grain  size  in  the  stainless 
steel  over  the  area  in  contact  with  the  titanium.  A  study  of  many  similar 
saniples  and  a  number  of  special  control  saarples  indicated  that  the  excessive 
grain  growth  is  a  result  of  a  localized  temperature  increase  caused  by  the 
heat  released  during  the  exothermic  Ti-fe  eutectic  reaction.  The  excessive 
growth  can  be  controlled  to  some  extent  with  a  heat  sink  in  contact  with  the 
surface  of  the  stainless  electrode. 
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Figure  73 

Typical  Structure  of  Ti-430  Stainless  Steel 
When  Heated  Two  Minutes  at  II30  C  in  Vacutun 

Figure  Jk,  which  is  an  enlarged  view  of  the  fine  grained  stainless  steel 
in  Figure  73A.,  shows  that  partial  alpha  to  garnma  phase  transformation  occinrred 
during  the  vacuum  heating  cycle.  Such  transformation  may  be  imdesirable  since 
it  causes  a  discontinuity  in  the  thermal  expansion  curve  and  a  resultant  mis¬ 
match  with  the  ceramic  insulator.  The  transformation  can  be  suppressed,  how¬ 
ever,  by  selecting  a  modified  alloy  such  as  titanium  stabilized  h30  stainless 
steel. 


Figure  74 

Phase  Transformation  in  430  Stainless  Steel  Mag.  -  750X 


The  test  diodes  were  assembled  with  a  0.0013  '  thick  titanium  shim  and  a 
(^.0005  thick  nickel  shim  at  each  ceramic -to -metal  seal  area,  and  sealed  in 
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accordance  with  the  standard  sealing  schedule  used  for  titanium  elec¬ 
trodes.  All  of  the  diodes  went  air  when  tested  at  58O  C.  Several 
dummy  units  were  subsequently  assembled  and  sealed  with  Just  the  stain¬ 
less  electrodes  and  the  ceramic  insulator,  and  these  also  were  not 
vacuum  tight. 

A  metallographic  study  of  the  ceramic -to-metal  seal  structure 
showed  a  variation  in  structmre  within  a  single  seal,  and  little  or  no 
eutectic  formation  over  most  of  the  seal  area,  illustrated  in  Figure  75* 
Figures  75A  and  75B  are  typical  of  the  seal  structure  over  most  of  the 
area,  and  C  and  D  are  representative  of  a  small  area  at  the  inner  edge 
of  the  seal.  Note  the  relatively  smooth,  straight-line  ceramic  Interface 
in  the  former  as  compared  to  the  latter,  indicating  that  the  ceramic-to- 
metal  bond  in  75A  and  75B  is  not  satisfactory.  Severe  cracking  in  the 
sealing  alloy  typified  by  Figures  75A  and  75B  was  also  noted  in  most 
assemblies.  Based  on  these  observations,  it  is  concluded  that  the 
titanivim-nickel  ratio  of  the  sealing  shims  and/or  the  sealing  schedule 
used  must  be  modified  to  produce  a  vacuum-tight  seal. 

An  alternative  sealing  method  may  also  be  applicable  to  430  stain¬ 
less  steel  electrodes.  By  utilizing  the  Ti-Fe  reaction,  as  illustrated 
above  in  Joining  Ti  to  430  stainless,  an  active  alloy  seal  can  be  made 
by  using  only  a  titanium  shim  in  the  Joint.  This  would,  of  course, 
require  a  higher  sealing  temperature  than  is  used  at  present  for  the 
Ti-Nl  seal  and  may  not  be  compatible  with  some  components. 

Further  Investigation  in  this  area  is  planned  for  the  next  quarter. 
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TEST  EQUIPMENT  DEVEIjOFMEWT 


Life  Test  Ovens 

nie  status  of  component  life  test  ovens,  at  the  end  of  the  third  q,uarter- 
ly  reporting  period,  is  as  foUoffs: 

Capacitor  -  Three,  20-position  capacitor  3J.fe  test  ovens  have  been  con¬ 
structed  and  are  nov  in  operation.  These  ovens  are  heated  by  a  constant 
a-c  current  transformed  directly  from  a  regulated  line.  Temperature 
measurements  have  been  extended  to  past  100  hours  operation  vith  fluc¬ 
tuation  remaining  within  plus  or  minus  three  degrees  of  the  pre-set, 
desired  temperatiire . 

The  operational  status  of  these  ovens  is  as  follows: 

Oven  -  200  volts  d-c  applied  to  ten  capacitors,  300  volts  d-c  applied 
to  the  other  ten.  Capacitors  have  been  on  life  for  approximately  ^000 
hours. 

Oven  #2  -  300  volts  KMS,  60  cycle,  applied  to  all  capacitors.  Capacitors 
have  been  on  life  approximately  500  hours. 

Oven  #3  “  Square  wave  40  volts  peak-to-peah,  15  kc  applied  to  all  capa¬ 
citors.  Capacitors  have  been  on  life  approximately  5OO  hours. 

Trlode  -  One,  72-poBition  triode  oven  has  been  completed  and  placed  into 
operation.  This  oven  utilizes  the  "metal  block"  with  Individual  chambers 
principle  as  used  for  resistor  life  testing  and  described  in  previous  re- 
por'^s.  Temperature  monitoring  during  operation  of  this  type  oven  con¬ 
struction  shows  deviations  of  less  than  plus  or  minus  two  degrees  from 
the  r-i  -t  desired  teapierature.  Small,  two  triode  life  test  ovens  are 
still  bein^i  utilized  for  special  testing  where  characterlBti'’!S  of  corapo- 
ire  belr't  .rr’t.l,  i1  a.i  oncLer  cond-ltions  of  reduced  and  elevated 
lenperature . 
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Diode  -  One  l44-position  life  test  oven  has  been  coa^leted  and  plEu:ed 


into  operation.  lEhis  is  the  second  resistor  oven  of  this  construction 
fabricated  under  the  contract. 

Test  EquipgBnt 

Trlode-Diode-Reslstor  Test  Set  -  This  item  of  test  equipment  was  com- 
plated  during  the  quarter  and  is  now  being  utilized  for  testing  TIMM 
con5)onents  at  operating  temperatures.  The  test  equipment  was  designed 
and  fabricated  to  be  portable  and  capable  of  being  transported  to  the 
components  under  test.  This  eliminates  the  imdeslrable  situation  of 
removing  components  from  the  58O  C  environment  during  the  process  of 
conveyance  to  the  test  equipment. 

The  unit  will  perform  the  following  tests  on  the  conponents 
referred  to  above; 

a.  Resistance  measurements  -  These  measiirements  will  be  made 
on  a  Wheatstone  Bridge.  The  lower  limit  of  resistance 
measurements  is  between  25-50  ohms^  determined  by  the  re¬ 
sistance  of  the  wiring  and  the  switch  contacts.  The  upper 
limit  is  10  megohms.  Readings  are  to  four  significant 
places . 

b.  Diode  measurements  -  The  power  supplies  for  diode  and  triode 
measurements  are  two  low  voitage  regiilated  supplies.  The  set 
will  perform  the  following  measurements  on  diodes;  insulation 
resistance^  contact  potential  and  two  separate  emission  tests. 

c.  Triode  measurements  -  This  set  will  measiore  plate  current^  grid 
•’urrent.  zero  plate  oiirrent^  contact  potential,  and  smlssicn 
current.  In  the  measurement  of  grid  current,  provision  is 
made  to  introduce  into  the  measuring  circuit  a  "zero"  re¬ 
sistance  current  meter  to  compensate  for  the  grid  current  meter 


Shock  Testing 

Construction  of  a  shock  test  oven  has  been  completed.  iHtie  oven  consists 
of  a  stainless  steel  plate  l/8-inch  thick  emd  two  inches  in  diameter,  mount¬ 
ed  to  the  shock  machine  plate  by  four  steel  stand-offs  3/^  inches  long-  A 
nichrome  heater  vcund  on  a  mica  form  is  placed  directly  under  the  plate. 

The  plate  and  heater  are  sandwiched  between  two  1.0-inch  thick  x  3*0  inch 
diameter  pieces  of  Du  Pont  "Tipersul"  insulation.  Components  to  be  shocked 
must  be  fuiiiished  with  4-^  stainless  steel  studs  brazed,  to  one  end.  The  oven 
will  accomiaodate  three  such  couiponents  at  one  time.  Voltages  can  be  applied 
to  the  components  during  shock.  The  ec[uipment  used  for  shock  testing  compo¬ 
nents  is  a  high  inpulse  device,  capable  of  hammer  angles  in  excess  of  60 
degrees  (900  g's). 

Environmental  conditions,  applied  voltages,  hammer  angles  (g's),  and  re¬ 
sults  achieved  from  shock  testing  TIMM  triodes  are  included  in  the  Tube 
Development  portion  of  this  report. 

Vibration 

A  veirlable  frequency  vibration  test  jig  has  been  designed,  built  and  is 
being  evaluated.  This  setup  consists  of  a  stationary  oven  irfxich  is  positioned 
above  the  shake  table.  The  component  under  test  is  fastened  to  a  2  l/2  inch 
stainless  rod  by  means  of  a  4-UO  stud  brazed  to  the  component.  The  rod  is 
fastened  to  the  shake  table  and  extends  through  a  hole  in  the  bottom  of  the 
oven. 

This  test  method  appears  to  be  practical  for  frequencies  up  to  2000  cps. 
Testing  will  be  time-consuming, as  the  setup  accommodates  only  one  tube  at 
1  i.’.nc.  testing  will  be  done  on  the  Unholtz-Diekie  .5haker  rather  than 

on  the  Ling  system,  as  had  originally  been  planned.  The  Itoholtz -Dickie  is 
-r -r*  refined  system  and  is  equipped  for  tracing  curves  of  output  versus 
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Tulae  Development 

ElectriceJ-  design  work  has  been  concentrated  primarily  on  grids  to 
improve  the  uniformity  of  tube  characteristics.  Theoretical  calculations, 
as  well  as  ejqierlmental  data,  have  shown  that  unless  grids  can  be  etched 
to  more  exacting  tolerances,  it  may  be  necessary  to  inspect  grids  for 
correct  transparency  usirjg  an  optical  device  designed  for  the  purpose. 
Investigation  was  made  of  the  factors  governing  triode  grid  contact 
potential  since  this  is  one  of  the  variables  that  must  be  rigidly  control¬ 
led  to  insure  good  unifonnity  of  tube  characteristics,  especially  in  tubes 
having  high  transconducteuice . 

New  one-piece  electrode  studs  for  both  emode  and  cathodes  have  been 
designed.  This  design  incorporates  both  a  vapor  trap  and  a  solder  trap. 
Tests  are  being  conducted  to  determine  if  these  studs  can  be  machined  to 
close  tolerances,  thereby  eliminating  the  resizing  operations. 

A  grid  tensioning  electrode  of  the  type  reported  last  quarter  has 
been  successfully  used  to  tension  and  hold  flat  the  grids  now  in  use. 
Although  some  interelectrode  shorts . still  occiir,  it  is  expected  that  a 
refinement  of  the  basic  principle  of  this  design  will  be  completely 
successful  in  positioning  and  holding  flat,  thin,  piire  titanium  grids. 


cyctsm  esiplcying  an  ion  pump  was  put  into  use 


for  both  tube  sealing  and  parts  firing.  Tests  indicate  that  tubes  pro¬ 
cessed  in  this  system  are  generally  superior  to  tabes  processed  in  systems 
eraployl:  g  oil  diffusion  pumps.  Tubes  processed  in  both  systems  are  being 
evaluated  on  life  test. 

Additi  .  shock  testing  of  TIMM  trlodes  has  been  completed-  These 
tec.ts.  conducted  at  580  C  and  under  typical  operating  conditions,  showed 
no  in.toroes  of  grid  failure.  Some  cases  of  slight  characteristic  change 
were  noted,  but  this  is  not  believed  to  be  a  serious  problem. 
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Module  fabrication  using  aluminum  as  a  brazing  material  was  inveatigat 
ed.  Biere  has  been  some  difficulty  in  obtaining  sufficient  braze  strength 
but  the  nature  of  the  problem  is  under  investigation.  It  is  expected  that 
better  results  will  be  obtained  using  different  techniques  of  appljring 
the  aluminum  braze  material  to  the  titanixun  svirfaces. 

Eeslstor  Development: 


1.  Attenipts  to  produce  tungsten  film  resistors  failed  due  to  dif¬ 
ficulties  encountered  in  deposition  of  WO3.  Two  methods  of 
deposition  were  used:  l)  evaporation  from  oxidizing  tungsten 
wire,  and  2)  spraying  of  WO3  suspended  in  amyl  acetate.  In 
both  cases,  the  film  was  soft,  fluffy  euid  peeled  from  the  sub¬ 
strate  on  removal  from  the  mash. 

2.  High  value  evaporated  platinum  film  resistors  were  made  and  are 
now  on  life. 

3.  Evaporated  rhodium  film  resistors  were  of  such  high  value  (>  2 
megohms)  that  no  practical  value  would  be  derived  from  life  test¬ 
ing  insofar  as  the  TIMM  contact  circuitry  is  concerned. 

4.  Several  hatches  of  evaporated  carbon  resistors  were  mads  util¬ 
izing  ground  surface  substrates.  Forty  of  these  units  have  been 
put  on  life  test;  however,  no  data  are  available  at  this  time. 

5.  Approximately  75  low  capacitance  resistors  have  been  built. 

Room  temperature  measurements  indicate  a  reduction  in  capacitance 
of  from  65-70^  over  the  regular  design. 

6.  Sixteen  evaporated  carbon  film  lanits  utilizing  OW-129  ceramic 
substrates  are  now  on  life.  There  were  no  significant  differ¬ 
ences  noted  between  this  material  and  OW-102  at  initial  testing. 

7-  Several  pyrolytic  and  evaporated  carbon  film  units  have  been  sent 
to  the  Test  Lab  for  shock  and  vibration  testing. 

8.  A  considerable  amount  of  time  was  devoted  to  building  special 
value  resistors  for  use  in  building  modules  for  the  contract 
review,  dynamic  display  unit. 

9.  At  the  end  of  5000  hours,  carbon  film  resistors  operating  at 
:.oads  of  from  0.25  to  0.40  watts  show  a  change  in  reslstemce 
of  13*8^  for  the  pyrolytic  type  and  7*31^  for  the  evaporated 
type  . 

10.  Carb.  I'ilm  resistors  operating  over  a  i-ange  of  load  levels  from 
0.1  to  1.0  watts  show  very  different  life  characteristics  from 
one  level  to  another.  Both  types  show  very  rapid  degradation 
at  0.5  watt  euid  above  with  the  fsistest  change  occurring  in  the 
type.  At  the  etil  of  lO-bO  hoars >  pyi’olytaC  type  re¬ 
sistors  operating  at  0.5  watts  have  changed  by  15.5^»  while  the 
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evaporated  type  shews  a  change  of  6.0^.  There  were  no  signifi^ 
cemt  differences  noted  between  the  two  types  operating  at  0.1 
and  0.25  watts  at  the  end  of  1000  hours. 

11.  Molybdenum  and  nichrome  film  resistors  show  some  change  during 
early  life  but  have  remained  relatively  stable  fixim  that  point 
to  the  end  of  1500  hours. 

Capacitor  Development 

A  measurable  voltage  can  be  obtained  from  a  stacked  ceramic  capacitor 
after  subjecting  the  unit  to  operating  tenrperatiire  and  voltage.  It  is 
reversible  with  applied  voltage.  The  unit  can  be  shorted,  loaded,  or 
cooled  down  and  reheated  and  still  show  an  emf,  although  at  a  reduced 
level.  The  present  work  indicates  a  boundary  layer  is  formed  at  the 
ceramic-metal  interface  by  the  injection  of  titanium  into  the  ceramic 
during  the  sealing  cycle.  Ti  or  TiOg  may  prove  to  be  the  cause  of  more 
than  one  of  the  characteristics  encountered  in  completed  capacitor  con¬ 
figurations,  The  properties  of  T102  were  discussed  in  the  last  report 
with  a  reference  to  the  literature  (Physical  Review,  Vol.  120,  pp.  I63I- 
1637,  December  1,  i960).  The  properties  discussed  in  the  article  Included 
a  rapid  Increase  in  dielectric  constant  as  frequency  is  Increased,  spon¬ 
taneous  polarization,  reversible  poleo’lzation,  residual  voltages,  and  open 
hysteresis  loops. 

Spontaneous  polarization  and  polarization  reversal  were  verified  for 
stacked  ceramic  capacitors.  A  very  small  but  measurable  d-c  voltage  can 
be  obtained  from  a  capacitor  while  it  is  being  subjected  to  operating  tem- 
peratiires.  The  magnitude  and  polarity  of  this  voltage  can  be  modified  by 
application  of  an  external  voltage. 

Open  hysteresis  loops  of  polarization  versus  an  applied  field  can  be 
shown  over  long  measuring  time  intervals.  The  area  enclosed  decreases  with 
in'reasing  frequency  so  as  to  approach  a  straight  line  at  approximately 

The  change  of  dielectric  constant  has  been  previously  reported  for  these  units. 
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Conductivity  data  has  revealed  a  change  in  the  slope  of  conductivity 
versus  the  reciprocal  of  absolute  temperature  vhich  corresponds  to  a 
change  in  the  conduction  mechanism  between  400  C  and  500  C  for  at  least 
three  of  tlie  ceramic  bodies  tested  in  the  completed  capacitor  configura¬ 
tion.  nils  change  has  not  been  evident  in  tests  performed  on  platinized 
ceramic  discs. 

There  is  some  indication  that  titeinium  is  being  injected  into  the 
ceramic  during  the  sealing  cycle.  The  boundary  area  at  the  ceramic -metal 
interface  can  then  act  as  a  Ti.  concentration  cell.  The  estimated  activation 
energies  fit  the  requirements  for  the  Ti-TiOg  cell  theory.  A  maximum  of 
about  2.0  volts  could  be  e:!q)ected  from  a  Ti-TiOg  half  cell.  The  value 
obtained  is  not  unrealistic. 

Inductor  Development 

A  ceramic  "spool"  has  been  designed  and  fabricated  on  which  inductor 
coils  may  be  evaluated.  These  units  can  be  hermetlcaJJy  enclosed  by  en¬ 
casing  in  a  ceramic  cylinder  and  sealing  with  metal  end  electrodes. 

Inductor  units  have  been  fabricated  using  copper  magnet  wire  encased 
with  Secon  "D"  Insulation.  Encapsulation  was  achieved  by  metallizing 
the  ends  of  a  0v/-ll6  ceramic  cylinder  and  subsequently  applying  a  copper 
plate.  Sealing  to  copper-clad  Telemet  end  electiodes  is  accomplished 
using  Nicoro  braze  material. 

Data  are  presented  for  values  of  inductance  and  "Q"  over  a  temperature 
range  from  25  C  to  58O  C.  At  30.0  megacycles  and  58O  C,  Q's  >  50  have 
been  a;  ieved  with  valvies  of  inductance  between  0.5  -  0.6  ^lh. 

Circuit  De  ■•elopment 

A  now  adder  circuit  was  designed^  breadboarded,  and  maximizedj 

th’  stacking  and  lug  arrangement  of  the  entire  module  was  congjleted  but 

to  be  revised  due  to  changes  in  th.,-  typ.j  Uiat  will  be  used 

in  the  future . 
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Using  a  Schmitt  trigger  circuit,  aJi  attempt  was  made  to  reshape  a 
distorted  pulse;  however  the  rise  times  obtained  were  net  those  desired. 

Work  was  initiated  on  the  r-f  portion  of  the  contract.  An  r-f 
amplifier  (grounded-grid)  circuit  and  a  Colpitts  oscillator  circuit 
were  constructed  using  simulated  TIMM  inductors.  Both  circuits  were 
designed  to  function  at  30  megacycles.  The  amplifier  circuit  yielded 
a  gain  of  20  dbj  the  oscillator  produced  an  o\itput  signal  of  l6.0  volts 
rms  at  the  desired  frequency. 

A  frequency  response  curve  of  an  RC  anplifier  was  obtained  using  a 
TIMM  triode;  the  upper  half  power  point  occurred  at  2.6  megacycles.  The 
midband  gain  was  17*^  db. 

The  briber  sensitivity  of  the  shift  register  was  increased  by  a  factor 
of  three.  This  was  accomplished  by  using  improved  components  and  by  slight 
circuit  modifications.  The  speed  of  the  circuit  was  also  improved,  but 
limitations  of  the  input  generator  equipment  make  it  impossible  to  measure 
the  maximum  repetition  rate  at  the  present  time. 

The  circuit  for  the  Nor  unit  has  been  designed.  The  design  procedure 
is  described  as  well  as  the  results  of  breadboard  tests. 

Work  was  also  done  on  module  arrangement  and  layout  of  the  shift 
register  and  Nor  circuits.  This  work  resulted  in  some  changes  being  made 
in  component  lug  configurations.  A  printed  circuit  board  has  been  design¬ 
ed  and  drawings  submitted  to  the  ceramic  group. 

Materials  Investigation 

Evaluation  of  protective  coatings  for  titanium  was  continued,  and  ex¬ 
perience  has  been  gained  in  electroplating  circuit  modules  with  chromium 
tuid  nickel  .-J-uminum  brazing  of  titanium  for  module  assembly  was  investi¬ 
gated,  and  the  electrical  resistance  of  brazed  joints  was  measured  for 
i ;cs  'c  2'M  hours  at  580  C.  Photoetched  molybdenum  grids,  coated  with  a 
tiianiuEi-iron  conposition,  were  tested  in  standard  triodes,  but  produced 
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\mlt8  exhibiting  low  contact  potential  and  low  einission,  A  study  of  type 
430  stainless  steel  as  a  substitute  for  titanium  electrodes  was  initiatedj 
however,  efforts  to  produce  a  vacuum-tight  ceramic -to -metal  seal  have 
been  unsuccessful. 
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